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FRONTISPIECE.  Five  species  (Least  Flycatcher,  Empidonax  minimus',  Veery,  Catharus  fuscescens',  Wood  Thrush 
Hylocichla  mustelina;  Common  Yellowthroat,  Geothlypis  trichas',  and  Scarlet  Tanager,  Piranga  olivacea)  showing  signifi- 
cant declines,  1970-2001,  in  spring  and/or  fall  capture  rates  at  Manomet  Center  for  Conservation  Sciences,  Massachusetts, 
and  which  also  showed  declining  population  trends  in  at  least  one  of  three  Breeding  Bird  Survey  physiographic  strata  (south- 
ern New  England,  northern  New  England,  and  eastern  Spruce-Hardwoods)  that  were  considered  likely  sources  of  the 
migrants  passing  through  Manomet.  Painting  by  Dale  Crawford. 
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32  YEARS  OF  CHANGES  IN  PASSERINE  NUMBERS 
DURING  SPRING  AND  FALL  MIGRATIONS 
IN  COASTAL  MASSACHUSETTS 

TREVOR  L.  LLOYD-EVANSi  3 AND  JONATHAN  L.  ATWOOD'  ^ 


ABSTRACT. — Using  standardized  mist-net  captures  collected  over  a 32-year  period  (1970-2001),  we  ex- 
amined changes  in  the  capture  rates  of  passerines  recorded  in  coastal  Massachusetts  during  fall  (78  species)  and 
spring  (72  species)  migration.  Capture  rates  of  45  species  of  fall  migrants  (58%)  declined  significantly  between 
early  (1970-1985)  and  late  (1986-2001)  years  of  the  study;  36  species  of  spring  migrants  (50%)  showed  sig- 
nificant declines.  Only  Carolina  Wren  {Thryothorus  ludovicianus).  Tufted  Titmouse  (Baeolophiis  hicolor).  North- 
ern Cardinal  {Cardinalis  cardinalis),  and  Orchard  Oriole  (Icterus  spurius)  showed  significant  increases  during 
spring  migration;  fall  sampling  indicated  that  Carolina  Wren,  Tufted  Titmouse,  Black-throated  Blue  Warbler 
(Dendroica  caerulescens),  and  Northern  Cardinal  had  significantly  higher  capture  rates.  Of  37  species  included 
in  the  migration  monitoring  data  but  not  reliably  represented  by  Breeding  Bird  Survey  (BBS)  data  in  any  of  the 
northeastern  physiographic  strata,  23  (62%)  showed  significant  declines  at  Manomet  during  at  least  one  of  the 
two  migration  periods.  There  were  significant  correlations  in  percent  changes  in  migrant  capture  rates  between 
fall  and  spring.  BBS  trends  reported  from  the  southern  New  England  and  northern  New  England  physiographic 
strata  were  correlated  with  changes  in  migrant  capture  rates.  However,  there  were  also  inconsistencies  between 
results  obtained  by  the  two  monitoring  approaches,  suggesting  that  factors  in  addition  to  actual  changes  in 
breeding  populations  may  be  reflected  in  the  migration  capture  data.  Received  8 July  2003,  accepted  26  March 
2004. 


Monitoring  passerine  population  changes 
through  counts  collected  along  migratory 
routes  has  been  attempted  often  (Hussell 
1981,  Gauthreaux  1992,  Hagan  et  al.  1992, 
Hus.sell  et  al.  1992,  Peach  et  al.  1998,  Ballard 
et  al.  2003)  despite  a variety  of  issues  that 
sometimes  make  the  results  of  such  studies 
difficult  to  interpret.  In  particular,  detecting 
true  changes  in  breeding  populations  may  be 
confounded  by  weather  effects  that  produce 


' Manomet  Center  for  Conservation  Sciences,  P.O. 
Box  1770.  Manomet.  MA  02.345,  USA. 

* Current  address:  Conservation  Biology  Program, 
Dept,  of  Environmental  Studies,  Antioch  New  Paiglatid 
Graduate  School,  40  Avon  St.,  Keene,  Nil  03431, 
USA. 

’Corresponding  author;  e-mail; 
tlloyd-e  vans  (ofinanomet.org 


dramatic  differences  among  years  in  the  num- 
bers of  a particular  species  that  appears  during 
migration  at  a specific  site  (Gauthreaux  1971. 
Moore  and  Simons  1992,  Dunn  and  Hussell 
1995);  while  “fallouts”  may  provide  exciting 
birding  conditions,  they  also  underscore  the 
substantial  stochastic  element  associated  with 
any  migration  monitoring  scheme.  Habitat 
changes  at  a migration  site  also  may  cause 
apparent  shifts  in  species'  abundances  that  arc 
unrelated  to  true  population  levels  (Remsen 
and  Good  1996).  Furthermore,  the  specific 
breeding  populations  actually  represented  by 
samples  of  migrants  are  almost  always  un- 
known (Dunn  and  Hus.sell  1995).  and  con- 
ceivably may  vary  from  year-to-year  at  a par- 
ticular migration  site  under  the  influence  of 
differing  weather  conditions,  riius,  there  is  lit- 
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tie  doubt,  as  some  have  pointed  out  (Butcher 
et  al.  1993,  Sauer  1993,  Remsen  and  Good 
1996),  that  monitoring  changes  in  breeding 
populations  through  counts  of  migrants  ob- 
tained by  mist-net  captures  is  risky  business. 

Still,  most  long-term  field  observers  will 
quickly  counter  that  something  is  happening 
to  the  numbers  of  migrating  land  birds  in  east- 
ern North  America  (Robbins  et  al.  1989,  Ter- 
borgh  1989,  Askins  et  al.  1990),  and  that  these 
perceived  changes  are  not  easily  discounted 
simply  by  the  effects  of  weather  variations  or 
local  habitat  change.  In  fact,  although  short- 
term fluctuations  in  numbers  of  migrants  re- 
corded at  a site  may  be  completely  meaning- 
less, we  contend  that  studies  of  longer  dura- 
tion— despite  their  inherent  complications — 
may  yet  help  to  elucidate  true  population 
changes  simply  by  virtue  of  their  long-term 
perspective. 

In  this  paper  we  present  results,  to  date,  of 
one  of  North  America’s  longest  migration 
monitoring  efforts,  conducted  at  Manomet 
Center  for  Conservation  Sciences  (formerly 
Manomet  Bird  Observatory,  MBO)  from  the 
late  1960s  to  the  present.  A preliminary  anal- 
ysis of  some  of  these  data  was  presented  by 
Hagan  et  al.  (1992);  herein,  we  extend  the 
scope  of  this  earlier  work  in  terms  of  years, 
seasons,  and  species  included.  For  78  species 
in  fall  and  72  species  in  spring  we  examine, 
for  the  32-year  period  1970-2001,  (a)  changes 
in  the  numbers  of  individuals  captured  at 
Manomet’s  banding  station  in  coastal  Massa- 
chusetts, and  (b)  similarities  in  patterns  of  an- 
nual fluctuations  of  capture  rates  among  spe- 
cies. We  also  compare  changes  in  capture 
rates  with  estimates  of  population  trends  ob- 
tained through  a very  different  type  of  moni- 
toring study,  the  North  American  Breeding 
Bird  Survey  (BBS),  which  also  has  operated 
over  this  extensive  time  period  (Robbins  et  al. 
1986,  Sauer  1993,  Sauer  et  al.  2001). 

METHODS 

Manomet  Center  for  Conservation  Scienc- 
es, located  on  the  western  side  of  Cape  Cod 
Bay,  Plymouth  County,  Massachusetts  (41° 
50'  N,  70°  30'  W),  is  characterized  by  brushy, 
second-growth  deciduous  woodland,  bordered 
on  the  east  and  south  by  a steep,  eroding 
coastal  bluff  and  on  the  west  and  north  by 
brushy  wetlands.  Dominant  tree  species  on  the 


7-ha  plot  include  black  cherry  (Prunus  sero- 
tina),  shadbush  (Amelanchier  sp.),  red  maple 
{Acer  ruhrum),  white  oak  (Quercus  alba),  and 
pitch  pine  (Pinus  rigida).  Common  catbrier 
(Smilax  rotiindifolia),  bay  berry  (Myrica  pen- 
sylvanica),  staghorn  sumac  {Rhus  typhina), 
honeysuckle  {Lonicera  morrowi),  arrowwood 
{Viburnum  recognitum),  and  poison  ivy  {Tox- 
icodendron radicans)  are  principal  understory 
species. 

Habitat  succession  was,  for  the  most  part, 
unchecked  during  the  study  period,  but  the 
site’s  location  on  an  exposed  coastal  bluff  re- 
sulted in  annual  natural  “pruning”  by  harsh 
winter  storms  that  probably  reduced  the  de- 
gree of  change  in  habitat  structure  over  time. 
Small  fields  and  grassland  borders  within  the 
study  site  are  mowed  routinely.  Historic  pho- 
tos of  the  area  indicate  that  during  the  early 
1920s  most  of  the  study  area  consisted  of 
open  sheep  pastures,  but  by  the  time  banding 
operations  were  begun  in  1966  the  site  had 
already  acquired  the  brushy,  second-growth 
condition  that  characterizes  it  today.  An  in- 
dividual black  cherry  tree  was  photographed 
in  1966,  with  a bander  for  height  comparison, 
in  a net  lane  about  1 0 m inland  from  the  ocean 
bluff.  By  2003,  the  tree  had  grown  an  esti- 
mated 25%  in  height,  probably  typical  for  the 
exposed  coastal  net  lanes. 

From  45  to  50  nylon  mist  nets  (12  m long, 
2.6  m high,  4 panels,  36  mm  extended  mesh) 
were  operated  annually  from  1970  to  2001, 
inclusive;  because  of  less  complete  coverage 
and  imprecise  records  regarding  capture  effort 
expended  during  the  first  4 years  of  the  ob- 
servatory’s existence  (1966-1969),  we  ex- 
cluded these  years  from  analysis.  Nets  were 
kept  at  fixed  locations  throughout  the  study. 
Opening  and  closing  times  of  nets  were  re- 
corded and  used  for  calculating  daily  capture 
effort  (Robbins  1968);  except  for  closures 
during  adverse  weather  conditions,  generally 
nets  were  operated  from  0.5  hr  prior  to  sunrise 
to  0.5  hr  after  sunset.  Thus,  50  nets  open  for 
12  hr  equals  600  net  hr.  Sampling  was  con- 
ducted 5—7  days  per  week  during  spring  (15 
April- 15  June)  and  fall  (15  August- 15  No- 
vember) migration. 

During  the  study  period,  205,454  individ- 
uals of  159  species  were  banded.  Records 
used  in  this  analysis  were  selected  from  the 
overall  database  using  criteria  described  be- 
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low.  Only  passerines  are  considered  here;  sci- 
entific names  and  abbreviation  codes  for  spe- 
cies referenced  in  the  text  are  provided  in  the 
Appendix.  Willow  and  Alder  flycatchers  were 
combined,  as  were  Bicknell’s  and  Gray- 
cheeked thrushes.  Palm  Warbler  races  were 
treated  separately  as  “Yellow”  and  “West- 
ern” Palm  warblers.  Captures  of  hybrid 
“Brewster’s”  {n  = 3)  and  “Lawrence’s”  {n  = 
2)  warblers  were  counted  as  Blue-winged 
Warblers.  Repeat  captures  were  eliminated. 
Locally  breeding  birds,  identified  on  the  basis 
of  well-developed  brood  patches  or  cloacal 
protuberances,  were  eliminated,  as  were 
spring  captures  of  hatching-year  (HY)  individ- 
uals. Species  that  were  captured,  by  season,  in 
fewer  than  15  of  the  32  years,  were  eliminat- 
ed. 

For  each  species,  by  season,  migration  win- 
dows were  calculated  as  falling  between  the 
L‘  and  percentiles  of  all  capture  dates 
across  all  years;  any  records  outside  these 
windows  were  excluded.  These  cutoff  values 
are  provided  in  the  Appendix.  For  example, 
during  fall  migration,  98%  of  all  captures  of 
American  Redstarts  occurred  from  17  August 
to  12  October.  Any  banding  activity  that  took 
place  within  this  window  was  considered  to 
represent  a legitimate  sampling  day  for  this 
species;  days  that  yielded  no  redstart  captures, 
but  on  which  nets  were  open,  contributed  a 
value  of  zero  to  the  overall  calculation  of  cap- 
ture rate.  Any  redstart  captures  that  occurred 
before  17  August  or  after  12  October  were 
excluded. 

For  each  species  (by  year  and  season),  we 
calculated  a mean  capture  rate  weighted  by 
the  number  of  hours  of  mist  netting  that  oc- 
curred on  each  contributing  date.  That  is,  in 
calculating  mean  seasonal  and  annual  capture 
rates  for  a species,  the  rate  obtained  on  a day 
when  nets  were  open  for  400  net  hr  was  given 
more  emphasis  than  a rate  obtained  on  a day 
when  only  10  net  hr  of  sampling  took  place. 
We  used  Wilcoxon  2-sample  tests  to  examine 
long-term  trends  by  testing  (for  each  species, 
by  season)  the  hypothesis  that  mean  capture 
rates  were  equal  between  Early  (1970-1985) 
and  Late  (1986-2001)  years  of  the  study. 

Spearman  rank  correlations  were  used  to 
assess  concordance  between  each  species'  fall 
and  spring  capture  rates,  and  between  the  per- 
cent change  in  mean  capture  rates  (liarly  ver- 


sus Late)  for  each  species  and  the  population 
trends  provided  by  BBS  data  (Sauer  et  al. 
2001).  These  authors  commendably  cautioned 
that  “Small  sample  sizes,  low  relative  abun- 
dance on  survey  routes,  imprecise  trends,  and 
missing  data  all  can  compromise  BBS  results. 
Often,  users  do  not  take  these  problems  into 
account  when  viewing  BBS  results,  and  use 
the  results  inappropriately.”  When  we  refer  to 
BBS  trends  in  this  paper,  we  conservatively 
include  only  instances  where  the  BBS  “Re- 
gional Credibility  Measure”  was  in  the  best- 
sampled,  “blue”  category.  That  is,  BBS 
trends  considered  by  Sauer  et  al.  (2001)  to 
include  “important  deficiencies”  (red)  and 
“deficiencies”  (yellow)  were  not  used  in  the 
correlation  analyses. 

Presentation  of  graphs  showing  changes  in 
capture  rates  for  each  species  and  season  com- 
bination in  this  study  would  require  150  in- 
dividual figures.  Although  obviously  beyond 
the  space  limitations  of  this  publication,  these 
results  are  provided  online  at  www. 
manomet.org.  Here,  in  order  to  visually  sum- 
marize major  patterns  of  variation  within  this 
large  set  of  data,  we  calculated  3-year  moving 
averages  based  on  annual  mean  capture  rates, 
then  standardized  each  of  these  values  as  a 
percent  of  the  maximum  rate  encountered  for 
each  species  among  all  years  (by  season). 
Next,  we  used  Ward’s  minimum  variance  clus- 
tering approach,  as  implemented  by  JMP  sta- 
tistical software  (SAS  Institute,  Inc.  2001 ).  to 
identify,  for  each  season,  an  arbitrary  six 
groups  of  species  that  exhibited  similar  year- 
to-year  fluctuations  in  capture  rates.  Finally, 
we  plotted  means  and  standard  errors,  calcu- 
lated from  the  moving  averages  for  species 
belonging  to  each  of  these  clusters. 

RESULTS 

Of  72  species  captured  during  spring  mi- 
gration, 60  (83%)  had  lower  mean  capture 
rates  during  1986-2001  than  during  1970- 
1985  (Table  1).  These  declines  were  signifi- 
cant (P  < 0.05)  in  36  species.  I weLe  species 
showed  higher  capture  rates  during  1986- 
2001  than  during  1970-1985;  in  four  of  these 
(Carolina  Wren,  ruf'ted  'fitmouse.  Northern 
Cardinal,  and  Orchard  Orit)le),  the  increases 
from  F^arly  to  Late  Sami')! ing  periotls  were  sig- 
nificant ’ < 0.01  ). 

I)uri..g  fall  migration.  69  ot  78  s|')ecies 
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TABLE  1.  Mean  capture  rates  and  percent  change  between  Early  (1970-1985)  and  Late  (1986-2001)  sam- 
pling periods  during  spring  and  fall  migrations.  Population  trend  data  from  Breeding  Bird  Survey  (BBS)  pre- 
sented for  comparison. 


Spring  capture  rate^ 

Fall  capture  rate^ 

BBS‘’ 

Species 

Early 

Late 

(%  change) 

Early 

Late 

(%  change) 

SH 

nNE 

sNE 

Eastern  Wood- 

0.766 

0.464 

(-39) 

0.183 

0.141 

(-23) 

D 

D 

d 

Pewee 

Yellow-bellied 

1.539 

1.336 

(-13) 

0.455 

0.297 

(-35)* 

[i] 

I 

Elycatcher 
Acadian  Ply- 

0.234 

0.206 

(-12) 

[d] 

catcher 

Willow/Alder  Ply- 

3.269 

3.730 

(14) 

0.754 

0.557 

(-26) 

[i] 

I 

m 

catcher 

Least  Elycatcher 

0.844 

0.674 

(-20) 

0.866 

0.328 

(-62)** 

D 

D 

D 

Eastern  Phoebe 

0.210 

0.200 

(-5) 

0.531 

0.574 

(8) 

[I] 

[i] 

[i] 

Great  Crested  Ply- 

0.535 

0.813 

(52) 

D 

I 

D 

catcher 

Eastern  Kingbird 

0.342 

0.280 

(-18) 

0.477 

0.108 

(-77)* 

D 

d 

D 

White-eyed  Vireo 

0.360 

0.155 

(-57)** 

0.143 

0.092 

(-36) 

[I] 

Blue-headed  Vireo 

0.313 

0.265 

(-15) 

0.461 

0.610 

(32) 

I 

I 

[i] 

Warbling  Vireo 

0.131 

0.074 

(-44) 

[i] 

I 

i 

Philadelphia  Vireo 

0.379 

0.208 

(-45)** 

[i] 

[i] 

Red-eyed  Vireo 

1.316 

0.783 

(-40)* 

4.317 

2.834 

(-34)* 

I 

[d] 

[d] 

Blue  Jay 

7.071 

2.767 

(-61)** 

2.326 

1.289 

(-45)* 

[i] 

i 

D 

Black-capped 

3.176 

0.773 

(-76) 

37.479 

18.411 

(-51) 

I 

I 

i 

Chickadee 
Tufted  Titmouse 

0.162 

0.593 

(266)** 

3.672 

6.520 

(78)* 

[i] 

[I] 

[I] 

Red-breasted  Nut- 

0.291 

0.092 

(-68) 

I 

I 

[i] 

hatch 

White-breasted 

0.156 

0.204 

(31) 

[i] 

I 

i 

Nuthatch 

Brown  Creeper 

0.471 

0.148 

(-69)** 

2.750 

1.320 

(-52)*** 

[i] 

[i] 

[d] 

Carolina  Wren 

0.043 

0.146 

(240)*** 

0.072 

0.546 

(658)*** 

[I] 

House  Wren 

0.368 

0.166 

(-55)* 

0.269 

0.182 

(-32) 

[d] 

[D] 

[D] 

Winter  Wren 

0.325 

0.224 

(-31) 

[I] 

[i] 

[i] 

Golden-crowned 

0.454 

0.943 

(108) 

5.176 

3.981 

(-23) 

I 

[i] 

Kinglet 

Ruby-crowned 

4.793 

3.014 

(-37) 

2.964 

1.917 

(-35) 

D 

[i] 

Kinglet 

Blue-gray  Gnat- 

0.724 

0.385 

(-47)** 

0.344 

0.255 

(-26) 

[I] 

[I] 

catcher 

Veery 

1.617 

0.722 

(-55)** 

0.909 

0.534 

(-41)* 

[D] 

D 

d 

Gray-cheeked/ 

0.415 

0.140 

(-66)** 

0.342 

0.190 

(-44)** 

Bicknell’s 

Thrush 

Swainson’s  Thrush 

4.708 

2.069 

(-56)** 

2.181 

0.996 

(-54)** 

[D] 

[d] 

Hermit  Thrush 

3.545 

3.706 

(5) 

3.022 

2.548 

(-16) 

[I] 

[i] 

[d] 

Wood  Thrush 

1.211 

0.398 

(-67)*** 

0.306 

0.113 

(-63)*** 

D 

[D] 

D 

American  Robin 

0.767 

0.420 

(-45)** 

7.925 

3.382 

(-57)** 

i 

[d] 

d 

Gray  Catbird 

32.243 

23.340 

(-28)** 

24.028 

17.410 

(-28)** 

[D] 

D 

I 

Northern  Mock- 

0.176 

0.203 

(15) 

0.671 

0.327 

(-51)* 

[I] 

[I] 

[I] 

ingbird 

Brown  Thrasher 

0.893 

0.364 

(-59)*** 

0.400 

0.111 

[D] 

[D] 

D 

Cedar  Waxwing 

0.499 

0.882 

(77) 

0.474 

0.314 

(-34) 

i 

I 

I 

Blue-winged  War- 

0.228 

0.234 

(3) 

[d] 

D 

bler 

Tennessee  Warbler 

0.938 

0.048 

0.381 

0.069 

( — 82)*** 

[i] 

[d] 

Orange-crowned 

0.244 

0.157 

(-36) 

[d] 

Warbler 
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TABLE  1.  Continued. 


Spring  capture  rate^ 

Fall  capture  rate^ 

BBS^ 

Species 

Early 

Late 

(%  change) 

Early 

Late 

(%  change) 

SH 

nNE 

sNE 

Nashville  Warbler 

0.304 

0.122 

(-60)* 

0.666 

0.428 

(-36)* 

i 

[d] 

[d] 

Northern  Parula 

0.555 

0.287 

(-48)** 

0.116 

0.050 

(-57)* 

[I] 

[i] 

[i] 

Yellow  Warbler 

1.574 

1.162 

(-26)* 

0.528 

0.168 

(-68)** 

[i] 

d 

[I] 

Chestnut-sided 

0.292 

0.171 

(-41) 

0.162 

0.126 

(-22) 

d 

[D] 

d 

Warbler 

Magnolia  Warbler 

5.105 

5.572 

(9) 

0.998 

0.881 

(-12) 

I 

d 

[i] 

Cape  May  Warbler 

1.087 

0.077 

[i] 

[i] 

Black- throated 

0.910 

0.861 

(-5) 

0.549 

0.781 

(42)* 

[i] 

i 

[i] 

Blue  Warbler 

Yellow-rumped 

1.285 

0.965 

(-25) 

45.991 

17.639 

(-62)*** 

I 

I 

[I] 

(Myrtle)  War- 
bler 

Black-throated 

0.208 

0.098 

(-53)* 

0.325 

0.250 

(-23) 

[nc] 

i 

[I] 

Green  Warbler 
Blackburnian  War- 

0.155 

0.090 

(-42)* 

0.093 

0.028 

(-70)** 

i 

[d] 

[d] 

bier 

Prairie  Warbler 

0.318 

0.235 

(-26) 

0.249 

0.187 

(-25) 

[i] 

[D] 

Palm  Warbler 
(western) 

Palm  Warbler  (yel- 

0.706 

0.900 

(28) 

0.543 

0.132 

(-76)*** 

[I] 

low) 

Bay-breasted  War- 

0.338 

0.121 

(-64) 

1.822 

0.254 

(-86)*** 

[D] 

[i] 

bler 

Blackpoll  Warbler 

2.881 

1.384 

(-52)** 

14.753 

4.268 

^ — '71 

[d] 

[i] 

Black-and- White 

5.244 

3.310 

(-37)** 

1.643 

0.802 

(-51)** 

i 

d 

d 

Warbler 

American  Redstart 

7.394 

4.777 

(-35)** 

6.351 

2.889 

( — 55)*** 

d 

d 

[I] 

Ovenbird 

2.991 

2.057 

(-31)* 

0.726 

0.586 

(-19) 

[nc] 

I 

nc 

Northern  Water- 

3.424 

2.091 

(-39) 

1.341 

0.654 

(-51)*** 

[d] 

[nc] 

[nc] 

thrush 

Connecticut  War- 

0.232 

0.151 

(-35) 

[d] 

bler 

Mourning  Warbler 

1.688 

1.531 

(-9) 

0.447 

0.244 

(-45)** 

[d] 

[d] 

Common  Yellow- 

9.441 

6.769 

T 

to 

00 

* 

2.294 

1.287 

_44)*** 

d 

D 

D 

throat 

Wilson’s  Warbler 

2.733 

1.310 

(-52)** 

1.150 

0.735 

(-36)** 

[i] 

Canada  Warbler 

4.548 

2.378 

(-48)** 

0.925 

0.596 

(-36)* 

d 

d 

[d] 

Yellow-breasted 

1 .334 

0.645 

(_52)*** 

(17| 

Chat 

Scarlet  Tanager 

0.418 

0.108 

( — 74)*  + * 

Id] 

D 

Id] 

Eastern  Towhee 

3.453 

1.148 

(-67)*** 

1 . 1 35 

0.264 

(-77)*** 

ini 

1) 

1) 

American  Tree 
Sparrow 

Chipping  Sparrow 

0. 1 65 

0.076 

(-54) 

0.448 

0.140 

(-69)** 

[d] 

in 

HI 

Field  Sparrow 

0.144 

().()30 

(-79)** 

0.478 

0.104 

(-78)*** 

Id] 

D 

D 

Savannah  Sparrow 

0.314 

0.096 

(-70)** 

ID] 

|i| 

nn 

Fox  Sparrow 

0.181 

0.073 

(-60)* 

Idl 

Song  Sparrow 

1.174 

0.589 

(-50)* 

2.829 

1.952 

( 31)* 

ID] 

im 

D 

Idncoln's  Sparrow 

0.744 

0.418 

(-44) 

0.314 

0.208 

( -34) 

li| 

Swamp  Sparrow 

2.624 

1 .349 

(-49) 

1 .476 

1.447 

(-2) 

i 

i 

in 

White-throated 

17.076 

14.091 

(-17) 

1 3.389 

7.580 

( 43)** 

I) 

1) 

im 

Sparrow 

White-crowned 

0. 1 94 

0.098 

(-50) 

0.337 

0.145 

( 57)* 

Sparrt)w 

Dark-eyed  (Slate- 

0.9 1 5 

0.379 

( 59)** 

4.126 

1.474 

( 64)**^ 

I) 

d 

|d| 

colored)  Junco 
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TABLE  1.  Continued. 

Spring  capture  rate“ 

Fall  capture  rate^ 

BBS»’ 

Species 

Early 

Late 

(%  change) 

Early 

Late 

(%  change) 

SH 

nNE 

sNE 

Northern  Cardinal 

0.285 

0.764 

(168)*** 

0.615 

1.444 

(135)*** 

[I] 

I 

[I] 

Ro.se-breasted 

0.199 

0.046 

(-77)* 

0.101 

0.034 

(-66)** 

[D] 

[i] 

[D] 

Grosbeak 
Indigo  Bunting 

0. 1 25 

0.048 

(-61)* 

0.076 

0.056 

(-26) 

i 

d 

D 

Red-winged 

1.219 

0.641 

(-47)** 

[D] 

[d] 

D 

Blackbird 
Common  Crackle 

1.412 

1.044 

(-26) 

d 

D 

D 

Brown-headed 

0.634 

0.259 

(-59)** 

[D] 

D 

d 

Cowbird 

Orchard  Oriole 

0.170 

0.502 

(194)** 

Id] 

Baltimore  Oriole 

2.671 

1.247 

(-53)** 

1.100 

0.676 

(-39)* 

[D] 

[i] 

[D] 

Purple  Finch 

1.213 

0.168 

(-86)*** 

D 

D 

[D] 

House  Finch 

0.136 

0.1 16 

(-15) 

0.375 

0.249 

(-34) 

[I] 

[I] 

[I] 

American  Gold- 

1.175 

0.953 

(-19) 

0.233 

0.390 

(67) 

[d] 

[i] 

[i] 

finch 


^ Based  on  weighted  means  of  capture  rates,  by  year  and  season  (n  = 16  in  both  Early  and  Late  periods).  % Change  = (Late  - Early )/Early  X 100. 
Significant  differences  between  mean  Early  and  Late  capture  rates  (Wilcoxon  2-sample  test)  indicated  by  asterisks:  * P < 0.05,  **  p < 0.01,  ***  P < 
0.001. 

Based  on  Sauer  et  al.  (2001 ) analysis  of  1966-2000  BBS  data  from  physiographic  strata  28  (SH,  eastern  Spruce-Hardwoods),  27  (nNE,  northern  New 
England),  and  12  (sNE,  southern  New  England).  D = significant  (P  < 0.05)  decline;  d = non-significant  (P  > 0.05)  decline;  1 = significant  increase;  i 
= non-significant  increase;  nc  = no  change.  Symbols  in  brackets  [ J indicate  that  Sauer  et  al.  (2001)  considered  these  trend  estimates  unreliable  due  to 
“deficiencies”  or  “important  deficiencies”  in  sampling.  Blanks  indicate  physiographic  regions  where  a given  species  was  not  represented  in  BBS  trend 
data. 


(88%)  had  lower  capture  rates  during  Late 
years  of  the  study  than  during  Early  years  (Ta- 
ble 1);  these  differences  were  significant  (P  < 
0.05)  in  45  species.  Nine  species  had  higher 
capture  rates  during  1986-2001  than  during 


Percent  change  in  captures  between 
Early  and  Late  periods  (fall) 


FIG.  1.  Correlations  between  spring  and  fall  mi- 
gration periods  for  percent  change  in  capture  rates  be- 
tween Early  and  Late  periods  of  the  study  (P  < 0.001, 
ri  = 63  species).  Three  apparent  outliers  (CARW,  Car- 
olina Wren;  ETTI,  Tufted  Titmouse;  and  NOCA, 
Northern  Cardinal)  shown  as  solid  circles. 


1970-1985;  in  four  of  these  (Carolina  Wren, 
Tufted  Titmouse,  Black-throated  Blue  War- 
bler, and  Northern  Cardinal),  the  differences 
were  signihcant  (P  < 0.05). 

Percent  changes  in  mean  capture  rates  from 
Early  to  Late  years  of  the  study  were  posi- 
tively correlated  between  spring  and  fall  mi- 
grations (Rho  = 0.55,  P < 0.001,  n = 63  spe- 
cies; Fig.  1).  Exclusion  of  three  outliers  (Car- 
olina Wren,  Tufted  Titmouse,  and  Northern 
Cardinal)  that  showed  dramatic  increases  in 
capture  rates  during  both  migration  periods 
did  not  substantially  alter  the  strength  of  the 
observed  correlation  (Rho  = 0.48,  P < 0.001, 
n = 60  species).  There  were  no  species  that 
showed  significant  increases  in  capture  rate 
during  one  season  and  significant  decreases  in 
the  other. 

Because  of  uncertainty  regarding  the  loca- 
tion of  breeding  populations  represented  by 
migrants  in  coastal  Massachusetts,  we  com- 
pared our  results  with  BBS  trends  from  three 
physiographic  regions  (southern  New  Eng- 
land, northern  New  England,  and  eastern 
Spruce-Hardwoods)  that  we  considered  the 
most  likely  sources  of  the  majority  of  mi- 
grants observed  at  Manomet  (Fig.  2).  Captures 
of  spring  migrants  were  significantly  (P  < 
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FIG.  2.  Location  of  Manomet  Center  for  Conser- 
vation Sciences  (MBO)  study  site  relative  to  three 
northeastern  physiographic  strata  used  in  analysis  of 
Breeding  Bird  Survey  data. 

0.05)  and  positively  correlated  with  BBS 
trends  from  northern  New  England;  during 
fall  migration,  we  found  significant  positive 
correlations  between  capture  rates  and  BBS 
trends  from  both  southern  and  northern  New 
England  physiographic  strata  (Table  2). 

Four  species  that  breed  at  high  latitudes  or 
high  elevations  [Gray-cheeked/BicknelTs 
Thrush,  Palm  Warbler  (western),  American 
Tree  Sparrow,  and  White-crowned  Sparrow) 
were  represented  in  the  migration  monitoring 
data  but  not  by  BBS  analyses;  all  of  these  spe- 
cies showed  significantly  declining  capture 
rates  {P  < 0.05)  between  Early  and  Late  pe- 
riods of  the  study.  Thirty-three  species  repre- 
sented in  the  migration  monitoring  data  were 
considered  by  Sauer  et  al.  (2001)  to  be  rep- 
re.sented  unreliably  by  BBS  data  in  any  of  the 
northeastern  physiographic  strata  (Table  1);  19 
of  these  species  (Philadelphia  Vireo,  Brown 
Creeper,  House  Wren,  Blue-gray  Gnatcatcher, 
vSwainson’s  Thrush,  Northern  Mockingbird, 
Tennessee  Warbler,  Northern  Parula,  Cape 
May  Warbler,  Bay-breasted  Warbler,  Black- 
poll  Warbler,  Northern  Waterthrush,  Mourning 
Warbler,  Wilson's  Warbler,  Yellow-breasted 
Chat,  Savannah  Sparrow,  Fox  Sparrow,  Rose- 
breasted Grosbeak,  and  Baltimore  Oriole) 
showed  significant  declines  at  Manomet  dur- 
ing at  least  one  of  the  two  migration  periods. 


TABLE  2.  Correlations  between  percent  change  in 
mean  capture  rates  (Early  versus  Late  sampling  peri- 
ods) and  Breeding  Bird  Survey  trends  (Sauer  et  al. 
2001)  from  three  physiographic  regions.  BBS  results 
with  “deficiencies”  or  “important  deficiencies”  have 
been  excluded  from  analysis  (see  text). 


Physiographic  region' 

sNE 

nNE 

SH 

Spring 

0.36  (0.087)*’ 

0.45  (0.011) 

0.17  (0.402) 

n = 23 

n = 3\ 

n = 26 

Fall 

0.50  (0.018) 

0.47  (0.006) 

0.34  (0.087) 

n = 22 

n = 33 

n = 26 

® sNE  = southern  New  England,  nNE  = northern  New  England,  SH  = 
eastern  Spruce-Hardwoods. 

^ Spearman  rank  correlation  (P-value). 


while  capture  rates  of  3 (Tufted  Titmouse, 
Carolina  Wren,  and  Orchard  Oriole)  signifi- 
eantly  increased  during  fall  and  spring  migra- 
tions (Table  1). 

Apparent  inconsistencies  between  trends 
based  on  migration  captures  at  Manomet  and 
BBS  data  were  greatest  for  the  eastern 
Spruce-Hardwoods  stratum  and  least  for  the 
southern  New  England  stratum.  This  pattern 
was  true  during  both  spring  (Fig.  3)  and  fall 
(Fig.  4)  migration  periods.  Spring  migration 
captures  indicated  significant  {P  < 0.05)  de- 
clines in  three  species  for  which  BBS  analyses 
found  significant  increases:  Red-eyed  Vireo 
(eastern  Spruce-Hardwoods),  Ovenbird 
(northern  New  England),  and  Gray  Catbird 
(southern  New  England).  Fall  migration  cap- 
tures significantly  declined  in  four  species 
whereas  BBS  analyses  showed  significant  in- 
creases: Red-eyed  Vireo  and  Yellow-rumped 
(Myrtle)  Warbler  (eastern  Spruce-Hard- 
woods), Yellow-bellied  Flycatcher  and  Yel- 
low-rumped (Myrtle)  Warbler  (northern  New 
England),  and  Gray  Catbird  (southern  Nev\ 
England). 

For  each  migration  period,  cluster  analysis 
was  used  to  identify  an  arbitrary  six  groups  of 
species  that  shared  general  patterns  of  change 
in  capture  rates  across  years  (Figs.  5 aiul  6). 
This  approach  allowed  us  to  summari/e  trend 
data  visually  for  a large  number  of  species. 
However,  we  note  that  similarities  in  capture 
rates  among  members  of  a group  do  not  nec- 
essarily mean  that  sharetl  trends  were  caused 
by  similar  proximate  factors.  In  some  cases 
cluster  membership  may,  in  fact,  rcllcct  the 
inlUicnce  of  sharetl  ecology,  f or  example. 
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FIG.  3.  Comparison  of  trends  in  capture  rate  based 
on  spring  migration  monitoring  at  Manomet  relative  to 
trends  derived  from  BBS  data  (Sauer  et  al.  2001)  in 
(A)  spruce-hardwoods,  (B)  northern  New  England,  and 
(C)  southern  New  England  physiographic  strata.  “DE- 
CLINE-significant,” P < 0.05;  “Decline,”  P > 0.05; 
“INCREASE-significant,”  P < 0.05;  “Increase,”  P > 
0.05.  For  example,  of  13  species  showing  significant 
declines  according  to  BBS  data  from  southern  New 
England,  70%  showed  significant  declines  in  Manomet 
capture  rates,  and  20%  showed  declines  in  Manomet 
capture  rates  that  were  not  statistically  significant. 

capture  rates  of  Blackpoll  Warbler,  Northern 
Parula,  Tennessee  Warbler,  Cape  May  War- 
bler, Blackburnian  Warbler,  and  Bay-breasted 
Warbler  peaked  during  the  mid  to  late  1970s 


FIG.  4.  Comparison  of  trends  in  capture  rate  based 
on  fall  migration  monitoring  at  Manomet  relative  to 
trends  derived  from  BBS  data  (Sauer  et  al.  2001)  in  (A) 
spruce-hardwoods,  (B)  northern  New  England,  and  (C) 
southern  New  England  physiographic  strata.  “DECLINE- 
significant,”  P < 0.05;  “Decline,”  P > 0.05;  “IN- 
CREASE-significant,” P < 0.05;  “Increase,”  P > 0.05. 


(Fig.  6F);  many,  if  not  all,  of  these  species 
likely  responded  to  a widespread  outbreak  of 
spruce  bud  worm  (Choristoneura  fume  rif ana 
Clem.)  in  eastern  North  America  during  this 
time  period  (Hagan  et  al.  1992).  Carolina 
Wren  and  Northern  Cardinal,  two  species 
known  to  have  shown  dramatic  regional  pop- 
ulation increases  during  the  last  decades  (Ha- 
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FIG.  5.  Major  patterns  of  change  in  spring  capture  rates  of  72  species  in  coa.stal  Massachusetts,  197()-2()01 . 
Error  bars  represent  ± 1 SE.  Species  contributing  to  each  plot  are  indicated  with  four-letter  banding  codes;  .see 
Appendix. 


gan  el  al.  1992),  were  grouped  together  during 
both  spring  (Fig.  5E)  and  fall  (Fig.  6C)  mi- 
grations. 

We  speculate  that  at  least  some  of  the  clus- 
tering results  (and,  therefore,  underlying  trend 
patterns)  may  rellect  local  weather  conditions 
that  would  have  influenced  capture  rates  of 
species  with  similar  migration  periods.  There 
were  significant  differences  among  mean  mi- 
gration dates  for  each  of  the  six  clusters  (Fig. 
7;  Wilcoxon  rank  sum  test;  spring:  y-  = 19.34, 
df  = 5,  r = ().()()2;  fall:  y-  = 16-12,  df  = 5, 
P = ().()()7).  During  spring,  most  species  as- 
signed to  clusters  A and  I)  (Fig.  5 A,  I))  were 
relatively  early  migrants,  with  mean  migration 
dates  of  7 May  (SFI  = 4.5  days)  and  3 May 
(SF  = 3.4  days),  respectively;  both  of  these 
groups  showed  somewhat  elevated  capture 
rates  during  the  mid  to  late  l9S0s,  possibly 


suggesting  that  during  several  years  in  this 
time  period  weather  conditions  caused  larger- 
than-normal  numbers  of  these  species  to  be 
present  in  coastal  Massachusetts.  Similarly, 
most  species  assigned  to  fall  cluster  A (F^4g. 
6A)  were  relatively  late  migrants,  with  a mean 
migration  date  of  9 October  (SF  = 3.3  days); 
the  relatively  high  capture  rates  that  charac- 
terized this  group  during  the  early  1970s  may 
have  reflected  local  weather  conditions  that 
alTected  any  sjiecies  with  a peak  migration  pe- 
riod in  early  October. 

Nonetheless,  we  hesitate  to  try  and  pro\  ide 
further  explanations  for  the  species  “member- 
ships" in  each  of  these  groupings,  histeail.  we 
ITiefer  to  emphasize  a more  general  perspec- 
tive. noting  that  only  one  of  the  six  trend  plots 
from  each  migration  perioil  (spring:  big.  5F; 
fall:  l ig.  b(')  showetl  obvious  increases  in 
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capture  rates.  Four  of  the  plots  from  each  mi- 
gration period  (spring:  Fig.  5B-D,  F;  fall:  Fig. 
6A-B,  E— F)  showed  decreasing  trends  in  cap- 
ture rates.  One  plot  from  each  migration  pe- 
riod was  characterized  by  peak  capture  rates 
during  the  early  to  mid  1980s,  with  compa- 
rably low  rates  before  and  after  this  time  pe- 
riod (spring:  Fig.  5A;  fall:  Fig.  6D). 

DISCUSSION 

The  Breeding  Bird  Survey  is  widely  rec- 
ognized as  a primary  source  of  information 
regarding  conservation  priorities  for  North 
American  birds  (Geissler  and  Noon  1981, 
Butcher  et  al.  1993,  Smith  et  al.  1993,  James 
et  al.  1996,  Carter  et  al.  2000),  yet  relatively 
few  studies  have  attempted  to  validate  its  con- 
clusions via  independent,  alternative  monitor- 
ing schemes.  Hussell  et  al.  (1992)  compared 


a migration  index  from  1961  to  1988  at  Long 
Point,  Ontario  with  BBS  trends  in  that  prov- 
ince and  obtained  positive  correlations,  as  did 
Francis  and  Hussell  (1998)  in  Ontario.  Other 
multiple-year  comparisons  with  BBS  data 
have  included  intensive  counts  in  Quebec 
(Jobin  et  al.  1996)  and  migration  monitoring 
at  Southeast  Farallon  Island,  California  (Pyle 
et  al.  1994)  and  at  Point  Reyes,  California 
(Ballard  et  al.  2003).  In  this  paper  we  present 
results  from  a long-term  study  based  on  stan- 
dardized mist-net  capture  efforts  during  fall 
and  spring  migrations  in  coastal  Massachu- 
setts, and  compare  these  data  with  estimates 
of  population  trends  obtained  by  Sauer  et  al. 
(2001)  in  their  analysis  of  BBS  data. 

At  first  glance  it  would  appear  that  there  is 
good  agreement  between  our  results  and  BBS 
analyses.  There  were  strong  correlations  be- 
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FIG.  7.  Mean  migration  dates  during  spring  and 
fall  for  clusters  derived  from  capture  trends.  Cluster 
letters  correspond  with  those  shown  in  Fig.  5 (spring) 
and  Fig.  6 (fall).  Error  bars  represent  ± 1 SE. 


tween  population  trends  observed  in  each  of 
the  three  BBS  strata  considered  here  and 
changes  in  Manomet  capture  rates  between 
1970-1985  and  1986-2001,  suggesting  that 
both  methods  do,  in  fact,  reflect  changes  in 
regional  breeding  populations.  For  example. 
Least  Flycatcher  was  the  only  species  to  de- 
cline significantly  in  all  three  northeastern 
BBS  strata,  and  it  showed  a significant  decline 
in  capture  rate  during  fall  at  Manomet.  Of  10 
species  for  which  significant  declines  were 
noted  in  two  of  three  northeastern  BBS  strata, 
we  found  significant  declines  in  capture  rates 
during  at  least  one  of  the  two  migration  sea- 
sons for  7 (Eastern  Kingbird,  Wood  Thrush, 
Common  Yellowthroat,  Eastern  Towhee,  Field 
Sparrow,  White-throated  Sparrow,  and  Purple 
Finch);  2 of  the  other  species  (Eastern  Wood- 
Pewee  and  Common  Crackle)  declined  non- 
significantly  at  Manomet,  while  Great  Crested 
Flycatcher  showed  a non-significant  increase 
based  on  migration  data.  Of  2.3  species  for 
which  the  BBS  showed  significant  population 
declines  in  at  least  one  of  the  three  physio- 
graphic strata  considered  here,  18  (789f ) also 
showed  significant  declines  in  capture  rates 
during  spring  and/or  fall  migration. 


Yet  the  situation  is  more  complex  than  these 
comparisons  might  suggest.  In  many  cases  our 
study  failed  to  detect  increasing  population 
trends  indicated  by  the  BBS.  Of  16  species 
shown  by  Sauer  et  al.  (2001)  to  have  had  sig- 
nificant increases  in  at  least  one  of  the  phys- 
iographic strata  considered  here,  we  found  sig- 
nificantly increased  capture  rates  in  only  1 
(Northern  Cardinal).  Furthermore,  we  observed 
significant  declines  in  capture  rates  during 
spring  and/or  fall  migration  for  five  species 
found  by  the  BBS  to  be  exhibiting  significant 
population  increases  in  at  least  one  of  the  three 
physiographic  strata  [Yellow-bellied  Flycatch- 
er, Red-eyed  Vireo,  Gray  Catbird,  Yellow-rum- 
ped  (Myrtle)  Warbler,  and  Ovenbird]. 

In  our  study  we  found  significantly  declin- 
ing capture  rates  during  one  or  both  migration 
periods  in  54  of  87  species  (62%),  but  only  5 
species  (6%)  showed  significant  increases. 
Among  the  37  of  these  species  for  which  re- 
liable BBS  results  were  available  from  at  least 
one  of  the  northeast’s  physiographic  strata, 
Sauer  et  al.  (2001)  found  significant  declines 
in  22  cases  (59%)  and  significant  increases  in 
15  (41%);  Great  Crested  Flycatcher  and  Gray 
Catbird  showed  opposite  significant  trends  in 
different  physiographic  strata.  These  contrasts 
suggest  that  factors  in  addition  to  changes  in 
breeding  populations  may  be  confounding  the 
relationship  with  capture  rates  observed  dur- 
ing migration. 

We  especially  note  that  the  patterns  we  de- 
scribe here  could  have  emerged  if  captures  of 
most  species  we  sampled  during  migration 
were  somehow  being  reduced,  over  time,  by 
factors  unrelated  to  actual  changes  in  breeding 
populations.  For  example,  long-term  changes 
in  climate  conceivably  could  cause  shifts  in 
regional  weather  patterns  that,  in  turn,  might 
systematically  affect  the  number  of  migrants 
appearing  in  coastal  Massachusetts  (Moore  et 
al.  1993).  However,  we  are  not  aware  of  any 
evidence  of  long-term  increases  in  migration 
captures  at  established  banding  operations  east 
of  the  Mississippi  that  might  be  expected  if 
actual  migration  patterns  were  changing.  Or. 
as  the  vegetation  at  Manomet  has  matured 
since  1970,  some  species  of  migrants  may 
now  move  through  the  study  area  at  heights 
where  they  simply  avoid  making  contact  with 
the  nets  (2.6  m in  height)  (Remsen  and  Good 
1996);  species  that  woukl  continue  to  be  ac- 
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tive  primarily  within  3 m of  the  ground,  even 
in  the  presenee  of  higher  eanopy  cover,  might 
be  avoiding  the  site  because  of  its  generally 
more  forested  aspect  (Moore  et  al.  1993). 

Conversely,  the  BBS  results  may  them- 
selves be  subject  to  error  due  to  the  effects  of 
roadside  bias  (Temple  and  Wiens  1989,  Keller 
and  Fuller  1995)  or  short  count  period  (Welsh 
1995,  Jobin  et  al.  1996);  thus;  the  trend  esti- 
mates by  Sauer  et  al.  (2001)  may  not  neces- 
sarily provide  a “gold  standard”  by  which  to 
validate  Manomet’s  migration  count  results.  It 
is  also  quite  possible  that  a species  could  be 
increasing  in  one  BBS  stratum  and  decreasing 
in  another,  or  showing  conflicting  trends  with- 
in different  regions  of  a single  stratum — any 
of  which  could  confuse  the  relationship  be- 
tween trends  shown  by  the  BBS  and  migration 
monitoring  data  sets.  One  of  the  three  BBS 
strata  considered  here,  the  eastern  Spruce- 
Hardwood  forest,  is  so  large  (353,538  km^; 
Rosenberg  and  Hodgman  2()()0)  that  presen- 
tation of  a single  trend  to  represent  this  entire 
area  seems  fraught  with  uncertainty  at  least 
equal  to  our  lack  of  knowledge  about  the  de- 
tailed breeding  locations  of  migrants  passing 
through  Manomet. 

At  this  point  we  have  no  way  of  further 
assessing  these  possible  explanations.  Certain- 
ly capture  rates  of  migrants  at  Manomet  dur- 
ing spring  and  fall  have,  in  many  cases, 
changed  substantially  from  1970  to  2001,  and 
the  vast  majority  of  these  changes  have  been 
declines.  Migration  count  data  from  other 
studies  also  indicate  long-term  declines  in 
New  England  birds;  for  example.  Hill  and  Ha- 
gan (1991)  found  that  spring  surveys  of  26 
Neotropical  migrants  in  Middlesex  and  Essex 
counties  of  Massachusetts  declined,  on  aver- 
age, nearly  1%  per  year  from  1954  to  1987. 
Personal  comments  from  several  banders  fa- 
miliar with  the  location  for  30+  years  all  in- 
dicate that  there  are  fewer  birds  in  recent  years 
at  Manomet  and  in  New  England  generally. 

Many  of  the  declines  documented  at  Man- 
omet coincide  with  declines  in  breeding  pop- 
ulations reported  by  the  most  reliable  BBS 
data.  Nonetheless,  there  are  some  apparent  in- 
consistencies between  results  of  the  two  anal- 
yses that  we  cannot  explain.  It  appears  likely 
that  a combination  of  factors  have  influenced 
the  number  of  migrants  captured  at  Manomet 
since  1970.  We  believe,  however,  that  the  pre- 


ponderance of  data  suggests  long-term  popu- 
lation declines  in  a wide  variety  of  both  Neo- 
tropical and  shorter-distance  migrants  that 
greatly  exceed  the  few  increases  that  have 
been  observed. 

ACKNOWLEDGMENTS 

It  is  impossible  for  us  to  name  all  of  the  contributors 
to  this  project,  many  of  whom  have  given  their  time 
faithfully  since  the  late  1960s.  Hosts  of  students  and 
volunteers  have  foregone  sleep  and  decent  salaries  in 
order  to  spend  their  days  walking  net  lanes.  The  trust- 
ees and  friends  of  Manomet  Center  for  Conservation 
Sciences  made  this  work  possible  through  unfailing 
personal  and  financial  assistance.  We  deeply  appreciate 
the  support  that  all  of  you  have  given;  from  Cranberry 
Hill  to  Stage  Point,  your  enthusiasm  and  dedication 
will  always  endure.  Thank  you.  C.  J.  Ralph,  C.  S.  Rob- 
bins, and  an  anonymous  reviewer  provided  helpful 
comments  on  a preliminary  draft  of  the  manuscript. 
We  dedicate  this  paper  to  K.  Anderson  and  those  initial 
banders  whose  vision  and  passion  gave  birth  to  Man- 
omet Bird  Observatory. 

LITERATURE  CITED 

Askins,  R.  a.,  J.  F.  Lynch,  and  R.  Greenberg.  1990. 
Population  declines  in  migratory  birds  in  eastern 
North  America.  Current  Ornithology  7:1-57. 
Ballard,  G.,  G.  R.  Geupel,  N.  Nur,  and  T.  Gardali. 
2003.  Long-term  declines  and  decadel  patterns  in 
population  trends  of  songbirds  in  western  North 
America,  1979-1999.  Condor  105:737-755. 
Butcher,  G.  S.,  B.  Peterjohn,  and  C.  J.  Ralph.  1993. 
Overview  of  national  bird  population  monitoring 
programs  and  databases.  Pages  192-203  in  Status 
and  management  of  Neotropical  migratory  birds 
(D.  M.  Finch  and  P.  W.  Stangel,  Eds.).  General 
Technical  Report  RM-229.  U.S.  Forest  Service, 
Rocky  Mountain  Forest  and  Range  Experiment 
Station,  Fort  Collins,  Colorado. 

Carter,  M.  F,  W.  C.  Hunter,  D.  N.  Pashley,  and  K. 
V.  Rosenberg.  2000.  Setting  conservation  priori- 
ties for  landbirds  in  the  United  States:  the  Partners 
in  Flight  approach.  Auk  177:541-548. 

Dunn,  E.  H.  and  D.  J.  T.  Hussell.  1995.  Using  mi- 
gration counts  to  monitor  landbird  populations:  re- 
view and  evaluation  of  current  status.  Current  Or- 
nithology 12:43-48. 

Francis,  C.  M.  and  D.  J.  T.  Hussell.  1998.  Changes 
in  numbers  of  landbirds  counted  in  migration  at 
Long  Point  Bird  Ob.servatory,  1961-1997.  Bird 
Populations  4:37-66. 

Gauthreaux,  S.  a.,  Jr.  1971.  A radar  and  direct  visual 
study  of  passerine  spring  migration  in  southern 
Louisiana.  Auk  88:343-365. 

Gauthreaux,  S.  A.,  Jr.  1992.  The  use  of  weather  radar 
to  monitor  long-term  patterns  of  trans-Gulf  migra- 
tion in  spring.  Pages  96-100  in  Ecology  and  con- 
servation of  Neotropical  migrant  landbirds  (J.  M. 


Lloyd-Evans  and  Atwood  • 32  YEARS  OF  PASSERINE  MIGRATION  COUNTS 


13 


Hagan,  III,  and  D.  W.  Johnson,  Eds.).  Smithsonian 
Institution  Press,  Washington,  D.C. 

Geissler,  P.  H.  and  B.  R.  Noon.  1981.  Estimates  of 
avian  population  trends  from  the  North  American 
Breeding  Bird  Survey.  Studies  in  Avian  Biology 
6:42-5 1 . 

Hagan,  J.  M.,  T.  L.  Lloyd-Evans,  J.  L.  Atwood,  and 
D.  S.  Wood.  1992.  Long-term  changes  in  migra- 
tory landbirds  in  the  northeastern  United  States: 
evidence  from  migration  capture  data.  Pages  1 15- 
130  in  Ecology  and  conservation  of  Neotropical 
migrant  landbirds  (J.  M.  Hagan,  III,  and  D.  W. 
Johnson,  Eds.).  Smithsonian  Institution  Press, 
Washington,  D.C. 

Hill,  N.  P.  and  J.  M.  Hagan,  III.  1991.  Population 
trends  of  some  northeastern  North  American  land- 
birds:  a half-century  of  data.  Wilson  Bulletin  103: 
165-182. 

i Hussell,  D.  j.  T.  1981.  The  use  of  migration  counts 
for  monitoring  bird  population  levels.  Studies  in 
Avian  Biology  6:92-102. 

Hussell,  D.  J.  T,  M.  H.  Mather,  and  P.  H.  Sinclair. 
1992.  Trends  in  numbers  of  tropical-  and  temper- 
ate-wintering migrant  landbirds  in  migration  at 
Long  Point,  Ontario,  1961-1988.  Pages  101-114 
in  Ecology  and  conservation  of  Neotropical  mi- 
grant landbirds  (J.  M.  Hagan,  III,  and  D.  W.  John- 
son, Eds.).  Smithsonian  Institution  Press,  Wash- 
ington, D.C. 

\ James,  E C.,  C.  E.  McCulloch,  and  D.  A.  Wiedenfeld. 
1996.  New  approaches  to  the  analysis  of  population 
trends  in  land  birds.  Ecology  77:13-27. 

! JoBiN,  B.,  J.-L.  DesGranges,  and  C.  Boutin.  1996. 

! Comparison  of  BBS  and  intensive  surveys  at  se- 
, lected  BBS  stops.  Bird  Populations  3:14-25. 

! Kf-:ller,  C.  M.  E.  and  M.  R.  Fuller.  1995.  Compar- 
j ison  of  birds  detected  from  roadside  and  off-road 
I point  counts  in  the  Shenandoah  National  Park. 
Pages  111-116/7?  Monitoring  bird  populations  by 
point  counts  (C.  J.  Ralph,  J.  R.  Sauer,  and  S.  Droe- 
ge,  Eds.).  General  Technical  Report  PSW-149. 
U.S.  Forest  Service,  Pacific  Southwest  Research 
Station,  Albany,  California. 

Moori:,  E R.,  S.  a.  Gauthreaux,  Jr.,  P.  Kerlinger, 
AND  T.  R.  Simons.  1993.  Stopover  habitat:  man- 
agement implications  and  guidelines.  Pages  58- 
69  in  Status  and  management  of  Neotropical  mi- 
gratory birds  (D.  M.  Pinch  and  P W.  Stangel, 
Eds.).  General  Technical  Report  RM-229.  U.S. 
Forest  Service,  Rocky  Mountain  Forest  and  Range 
Experiment  Station.  Fort  Collins.  Colorado. 

Moore,  F:  R.  and  T.  R.  Simons.  1992.  Habitat  suit- 
ability and  stopover  ecology  of  Neotropical  land- 
bird  migrants.  Pages  345-355  in  F'cology  and  con- 
servation of  Neotropical  migrant  landbirds  (J.  M. 
Hagan,  III,  and  D.  W.  Johnson.  Fkis.).  Smithsonian 
Institution  Press,  Washington.  D.C’. 

Pi  ACH,  W.  J..  S.  R.  Baii  1 II.,  and  D.  F:.  Bai  mi  k.  1998. 
Long-term  changes  in  the  abundance  of  passerines 


in  Britain  and  Ireland  as  measured  by  constant 
effort  mist-netting.  Bird  Study  45:257-275. 

Pyle,  R,  N.  Nur,  and  D.  F.  DeSante.  1994.  Trends  in 
nocturnal  migrant  landbird  populations  at  South- 
east Farallon  Island,  California,  1968-1992.  Stud- 
ies in  Avian  Biology  15:58-74. 

Remsen,  j.  V.,  Jr.,  and  D.  A.  Good.  1996.  Misuse  of 
data  from  mist-net  captures  to  assess  relative 
abundance  in  bird  populations.  Auk  1 13:381-398. 

Robbins,  C.  S.  1968.  Net  hours:  a common  denomi- 
nator for  the  study  of  bird  populations.  Eastern 
Bird-Banding  Association  News  31:31-35. 

Robbins,  C.  S.,  D.  Bystrak,  and  P.  H.  Geissler.  1986. 
The  Breeding  Bird  Survey:  its  first  fifteen  years, 
1965-1979.  U.S.  Fish  and  Wildlife  Service  Re- 
search Publication  157.  Washington,  D.C. 

Robbins,  C.  S.,  J.  R.  Sauer,  R.  S.  Greenberg,  and  S. 
Droege.  1989.  Population  declines  in  North 
American  birds  that  migrate  to  the  Neotropics. 
Proceedings  of  the  National  Academy  Sciences 
86:7658-7662. 

Rosenberg,  K.  V.  and  T.  P.  Hodgman.  2()()0.  Partners 
in  Flight  bird  conservation  plan  for  eastern 
spruce-hardwood  forest  (physiographic  area  28), 
draft  1.0.  Online  at  <http://www.blm.gov/wildlife/ 
plan/pL28_10.pdf>  (accessed  5 May  2003). 

SAS  Institute,  Inc.  2001.  JMP  Start  Statistics,  2nd  ed. 
Duxbury-Thomson  Learning,  Pacific  Grove,  Cal- 
ifornia. 

Sauer,  J.  R.  1993.  Monitoring  goals  and  programs  of 
the  U.S.  Fish  and  Wildlife  Service.  Pages  245- 
251  in  Status  and  management  of  Neotropical  mi- 
gratory birds  (D.  M.  Finch  and  P.  W.  Stangel, 
Eds.).  General  Technical  Report  RM-229.  U.S. 
Forest  Service,  Rocky  Mountain  Forest  and  Range 
Experiment  Station,  Fort  Collins,  Colorado. 

Sauer,  J.  R.,  J.  E.  Hines,  and  J.  Fallon.  2001.  The 
North  American  Breeding  Bird  Survey,  results 
and  analysis  I966-2()0(),  ver.  2001.2.  USGS  Pa- 
tuxent Wildlife  Research  Center,  Laurel,  Mary- 
land. Online  at  <http://www.mbr-pwrc.usgs.gov/ 
bbs/bbs.html>  (accessed  24  June  2001). 

Smith,  C.  R.,  D.  M.  Pi:nce,  and  R.  J.  O'Connor.  1993. 
Status  of  Neotropical  migratory  birds  in  the 
Northeast:  a preliminary  assessment.  Pages  172- 
188  in  Status  and  management  of  Neotropical  mi- 
gratory birds  (D.  M.  Finch  and  P.  W.  Stangel. 
Fkls.).  General  Technical  Report  RM-229.  U.S. 
Forest  .Service,  Rocky  Mountain  Forest  and  Range 
Experiment  .Station,  Fort  C’tfilins,  C'olora(.lo. 

Ti:mim.e,  S.  a.  and.).  A.  Wii:ns.  1989.  Bird  populations 
and  environmental  changes:  can  birds  be  bio-in- 
dicators?  American  Birds  43:260  270. 

Ti.rborgfi,  j.  1989.  Where  have  all  the  birds  gone? 
Princeton  University  Press.  Princeton.  New  Jersey. 

Wi;i..SH.  D.  A.  1995.  An  overview  of  the  Ontario  Forest 
Bird  Monitoring  Program  in  ( anada.  Pages  93 
97  in  Monitoring  bird  populations  by  point  eounts 
(C.  .1.  Ralph.  .1.  K.  .Sauer,  aiul  .S.  Droege.  Eds.). 
General  rechnieal  Report  PSW-149.  U.S.  Forest 
Serviee.  Pacilie  Southwest  Research  Station.  Al 
bany.  California. 


14 


THE  WILSON  BULLETIN  • Vol.  1 16,  No.  J,  March  2004 


APPENDIX.  Banding  codes,  scientific  names,  and  migration  periods  of  species  referred  to  in  text.  Lor 
each  season,  the  limits  of  sampling  window  (P'  and  99'^^  percentiles)  are  given  in  parentheses  following  the 
mean  date  of  migration  (all  years  combined).  Dashes  ( — ) indicate  species-season  combinations  (such  as  fall 
Acadian  Llycatcher)  that  failed  to  meet  analysis  criteria  described  in  Methods. 


Code 

Common  name 

Scientific  name 

Spring 

EAWP 

Eastern  Wood- 

C out  opus  virens 

31 

May  (13  May-14  Jun) 

10 

Pewee 

YBLL 

Yellow-bellied  Ply- 

Empidonax  flaviven- 

02 

Jun  (22  May-15  Jun) 

06 

catcher 

tris 

ACLL 

Acadian  Flycatcher 

Empidonax  virescens 

31 

May  (13  May-15  Jun) 

— 

TRLL 

Willow/Alder  Fly- 

Empidonax  traillii  & 

02 

Jun  (19  May-15  Jun) 

02 

catcher 

E.  alnorurn 

LELL 

Least  Flycatcher 

Empidonax  minimus 

21 

May  (05  May-1 1 Jun) 

04 

EAPH 

Eastern  Phoebe 

Sayornis  phoebe 

25 

Apr  (15  Apr-05  Jun) 

21 

GCEL 

Great  Crested  Fly- 

Myiarchus  crinitus 

06 

Jun  (12  May-15  Jun) 

— 

catcher 

EAKI 

Eastern  Kingbird 

Tyrannus  tyrannus 

25 

May  (10  May- 15  Jun) 

25 

WEVI 

White-eyed  Vireo 

Vireo  griseus 

21 

May  (29  Apr-15  Jun) 

15 

SOVI 

Blue-headed  Vireo 

Vireo  solitarius 

10 

May  (26  Apr-31  May) 

05 

WAVI 

Warbling  Vireo 

Vireo  gilvus 

— 

1 1 

PHVI 

Philadelphia  Vireo 

Vireo  philadelphicus 

— 

16 

REVI 

Red-eyed  Vireo 

Vireo  olivaceus 

30 

May  (14  May-13  Jun) 

20 

BLJA 

Blue  Jay 

Cyanocitta  cristata 

15 

May  (20  Apr-1 1 Jun) 

30 

BCCH 

Black-capped 

Poecile  atricapillus 

08 

May  (16  Apr-08  Jun) 

14 

Chickadee 

ETTI 

Tufted  Titmouse 

Baeolophus  bicolour 

28 

Apr  (15  Apr-09  Jun) 

12 

RBNU 

Red-breasted  Nut- 

Sitta canadensis 

— 

23 

hatch 

WBNU 

White-breasted  Nut- 

Sitta carolinensis 

— 

07 

hatch 

BRCR 

Brown  Creeper 

Certhia  americana 

25 

Apr  (15  Apr-07  Jun) 

09 

CARW 

Carolina  Wren 

Thryothorus  liidovi- 

16 

May  (15  Apr-14  Jun) 

06 

cianus 

HOWR 

House  Wren 

Troglodytes  aedon 

15 

May  (26  Apr- 13  Jun) 

12 

WIWR 

Winter  Wren 

Troglodytes  troglo- 

— 

11 

dytes 

GCKI 

Golden-crowned 

Regulus  satrapa 

22 

Apr  (15  Apr-06  May) 

15 

Kinglet 

RCKI 

Ruby-crowned 

Regains  calendula 

29 

Apr  (17  Apr- 17  May) 

13 

Kinglet 

BGGN 

Blue-gray  Gnat- 

Polioptila  caerulea 

01 

May  (17  Apr- 19  May) 

09 

catcher 

VEER 

Veery 

Catliarus  fuscescens 

20 

May  (05  May-08  Jun) 

1 1 

GCTH 

Gray-cheeked/B  ick- 

Catharus  minimus  <& 

27 

May  (14  May- 12  Jun) 

01 

nell’s  Thrush 

C.  bicknelli 

SWTH 

Swainson’s  Thrush 

Catharus  ustulatus 

26 

May  (12  May-10  Jun) 

24 

HETH 

Hermit  Thrush 

Catharus  guttatus 

29 

Apr  (16  Apr- 19  May) 

20 

WOTH 

Wood  Thrush 

Hylocichla  mustelina 

16 

May  (04  May-06  Jun) 

18 

AMRO 

American  Robin 

Turdus  migratorius 

02 

May  (15  Apr- 13  Jun) 

26 

GRCA 

Gray  Catbird 

Dumetella  carolinen- 

19 

May  (03  May-12  Jun) 

09 

NOMO 

Northern  Mocking- 

sis 

Mimus  polyglottos 

08 

May  (17  Apr-07  Jun) 

13 

bird 

BRTH 

Brown  Thrasher 

Toxostoma  rufuni 

10 

May  (20  Apr-05  Jun) 

25 

CEDW 

Cedar  Waxwing 

Bombycilla  cedrorum 

26 

May  (21  Apr- 15  Jun) 

02 

BWWA 

Blue-winged  War- 

Vermivora pinus 

— 

03 

bler 

TEWA 

Tennessee  Warbler 

Vermivora  peregrina 

23 

May  (13  May-03  Jun) 

20 

OCWA 

Orange-crowned 

Vermivora  celata 

— 

15 

Warbler 


Fall 


Sep  (16  Aug- 10  Oct) 
Sep  (17  Aug-27  Sep) 


Sep  (16  Aug-30  Sep) 

Sep  ( 1 7 Aug-05  Oct) 
Sep  (16  Aug-25  Oct) 


Aug  ( 1 5 Aug-20  Sep) 
Sep  (15  Aug-25  Oct) 
Oct  (10  Sep-29  Oct) 
Sep  (17  Aug-07  Oct) 
Sep  (23  Aug-21  Oct) 
Sep  (22  Aug-25  Oct) 
Sep  (16  Aug-09  Nov) 
Oct  (23  Aug-1 1 Nov) 

Oct  (31  Aug- 10  Nov) 
Sep  (18  Aug-02  Nov) 

Oct  (17  Aug- 14  Nov) 

Oct  ( 1 1 Sep-04  Nov) 
Sep  (15  Aug-05  Nov) 

Sep  (17  Aug-22  Oct) 
Oct  (18  Sep- 10  Nov) 

Oct  (23  Sep- 12  Nov) 

Oct  (18  Sep- 11  Nov) 

Sep  (16  Aug-03  Nov) 

Sep  (20  Aug-10  Oct) 
Oct  (13  Sep-03  Nov) 

Sep  (30  Aug-22  Oct) 
Oct  (26  Sep- 14  Nov) 
Sep  (18  Aug-26  Oct) 
Sep  (16  Aug- 12  Nov) 
Sep  (15  Aug-18  Oct) 

Sep  (16  Aug-12  Nov) 

Sep  (15  Aug-31  Oct) 
Oct  (17  Aug- 10  Nov) 
Sep  (16  Aug-24  Oct) 

Sep  (19  Aug-28  Oct) 
Oct  (25  Sep- 14  Nov) 


Lloyd-Evans  and  Atwood  • 32  YEARS  OF  PASSERINE  MIGRATION  COUNTS 


15 


APPENDIX.  Continued. 

Code 

Common  name 

Scientific  name 

Spring 

Fall 

NAWA 

Nashville  Warbler 

Vermivora  rufica- 
pilla 

16 

May  (30  Apr-10  Jun) 

23 

Sep  (17  Aug-31  Oct) 

NOPA 

Northern  Parula 

Parula  arnericana 

19 

May  (02  May-09  Jun) 

29 

Sep  (25  Aug-30  Oct) 

YWAR 

Yellow  Warbler 

Dendroica  petechia 

21 

May  (05  May- 10  Jun) 

29 

Aug  (15  Aug-02  Oct) 

CSWA 

Chestnut-sided  War- 
bler 

Dendroica  pensyl- 
vanica 

22 

May  (03  May-12  Jun) 

06 

Sep  (17  Aug-22  Oct) 

MAWA 

Magnolia  Warbler 

Dendroica  magnolia 

24 

May  (10  May- 10  Jun) 

18 

Sep  (25  Aug-22  Oct) 

CMWA 

Cape  May  Warbler 

Dendroica  tigrina 

— 

05 

Sep  (16  Aug- 13  Oct) 

BTBW 

Black-throated  Blue 
Warbler 

Dendroica  caerules- 
cens 

18 

May  (05  May-04  Jun) 

25 

Sep  (23  Aug-25  Oct) 

MYWA 

Yellow-rumped 
(Myrtle)  Warbler 

Dendroica  c.  coron- 
ata 

06 

May  (16  Apr-26  May) 

18 

Oct  (24  Sep- 15  Nov) 

BTNW 

Black-throated 
Green  Warbler 

Dendroica  virens 

22 

May  (03  May-13  Jun) 

22 

Sep  (21  Aug-31  Oct) 

BLBW 

Blackburnian  War- 
bler 

Dendroica  fusca 

26 

May  (13  May- 10  Jun) 

09 

Sep  (21  Aug-19  Oct) 

PRAW 

Prairie  Warbler 

Dendroica  discolor 

13 

May  (26  Apr-04  Jun) 

06 

Sep  (16  Aug-21  Oct) 

WPWA 

Palm  Warbler  (west- 
ern) 

Dendroica  p.  palma- 
rum 

— 

06 

Oct  (08  Sep- 12  Nov) 

YPWA 

Palm  Warbler  (yel- 
low) 

Dendroica  p.  hy- 
pochrysea 

28 

Apr  (16  Apr- 14  May) 

— 

BBWA 

Bay-breasted  War- 
bler 

Dendroica  castanea 

23 

May  (13  May-07  Jun) 

04 

Sep  (17  Aug-10  Oct) 

BLPW 

Blackpoll  Warbler 

Dendroica  striata 

28 

May  (12  May- 15  Jun) 

26 

Sep  (03  Sep-29  Oct) 

BAWW 

Black-and-White 

Warbler 

Mniotilta  varia 

15 

May  (30  Apr-05  Jun) 

07 

Sep  (15  Aug- 18  Oct) 

AMRE 

American  Redstart 

Setophaga  rut ic ilia 

28 

May  (12  May- 13  Jun) 

09 

Sep  (16  Aug- 13  Oct) 

OVEN 

Ovenbird 

Seiurus  aurocapilla 

19 

May  (03  May-05  Jun) 

08 

Sep  ( 16  Aug-24  Oct) 

NOWA 

Northern  Water- 
thrush 

Seiurus  novebora- 
censis 

19 

May  (03  May-05  Jun) 

07 

Sep  (16  Aug-17  Oct) 

CONW 

Connecticut  Warbler 

Oporornis  agilis 

— 

19 

Sep  (31  Aug- 16  Oct) 

MOWA 

Mourning  Warbler 

Oporornis  Philadel- 
phia 

03 

Jun  (21  May-15  Jun) 

09 

Sep  ( 15  Aug- 17  Oct) 

COYE 

Common  Yellow- 
throat 

Geothlypis  trichas 

22 

May  (06  May-10  Jun) 

1 1 

Sep  (16  Aug-27  Oct) 

WIWA 

Wilson’s  Warbler 

Wilsonia  pusilla 

23 

May  (1  1 May-08  Jun) 

I 1 

Sep  (21  Aug-20  Oct) 

CAW  A 

Canada  Warbler 

Wi Ison ia  canadensis 

28 

May  (13  May-1  1 Jun) 

01 

Sep  ( 16  Aug-28  Sep) 

YBCH 

Yellow-breasted 

Chat 

Icteria  virens 

— 

19 

Sep  (21  Aug-06  Nov) 

SCTA 

Scarlet  Tanager 

Pi ranga  oli vacea 

— 

13 

Sep  ( 1 6 Aug-2  1 Oct) 

RSTO 

Eastern  Towhee 

Pipilo  erythrophthal- 

08 

May  (20  Apr-05  Jun) 

27 

Sep  ( 16  Aug-05  Nov) 

ATSP 

American  Tree 
Sparrow 

nius 

Spizella  arhorea 

— 

05 

Nov  ( 16  Oct- 16  Nov) 

CHSP 

Chipping  Sparrow 

Spizella  passe rina 

09 

May  (21  Apr-03  Jun) 

— 

FISP 

Field  Sparrow 

Spizella  pusilla 

07 

May  ( 19  Apr-1  2 Jun) 

21 

Oct  (02  Sep- 14  Nov) 

SAVS 

Savannah  Sparrow 

l\isse rcul us  sand- 
wichensis 

07 

May  (16  Apr-31  May) 

— 

FOSP 

Fox  Sparrow 

Ihisserella  iliaca 

— 

29 

Oct  (08  Oct  14  Nov) 

SOSP 

Song  Sparrow 

Melospiza  melodia 

25 

Apr  ( 1 5 Apr-09  Jun) 

29 

Sep  (16  Aug-0^)  Nov) 

LISP 

Lincoln's  Sparrow 

Melospiza  lincolnii 

22 

May  (05  May -09  Jun) 

01 

Oct  (03  Sep  29  Oct) 

SWSP 

Swamp  Sparrow 

Melospiza  georgiana 

1 1 

May  ( 1 7 Apr-04  Jun) 

12 

Oct  ( 16  Sep 06  Nov) 

WTSP 

White-throated 

Sparrow 

Zonal richia  (dhicol- 
lis 

04 

May  (18  Apr-22  May) 

10 

Oct  (13  Sep  12  Nov) 

WCSP 

White-crowned 

Sparrow 

Zonotrichia  leuco- 
f}hrys 

14 

May  (30  Apr  26  May) 

12 

Oct  (20  Sep  31  Oct) 

SC  I LI 

Dark-eyed  (Slate- 
colored)  .lunco 

.lunco  h.  hyenudis 

21 

Apr  ( 1 5 Apr  1 7 May) 

18 

( )ct  ( 1 4 Sep  1 4 No\  ) 
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APPENDIX.  Continued. 


Code 

Common  name 

Scientific  name 

Spring 

Fall 

NOCA 

Northern  Cardinal 

Cardinal  is  cardinalis 

04 

May 

(15 

Apr-12  Jun) 

03  Oct  (16  Aug- 12  Nov) 

RBGR 

Rose-breasted  Gros- 
beak 

Pheucticiis  ludovici- 
anus 

18 

May 

(26 

Apr-05  Jun) 

12  Sep  (18  Aug-24  Oct) 

INBU 

Indigo  Bunting 

Passerina  cyanea 

25 

May 

(25 

Apr-14  Jun) 

30  Sep  ( 1 9 Aug-3 1 Oct) 

RWBL 

Red-winged  Black- 
bird 

Agelaius  phoeniceus 

1 1 

May 

(18 

Apr-12  Jun) 

— 

COGR 

Common  Crackle 

Quiscalus  cjuiscula 

09 

May 

(18 

Apr- 13  Jun) 

— 

BHCO 

Brown-headed  Cow- 
bird 

Molothrus  ater 

03 

May 

(15 

Apr-13  Jun) 

— 

OROR 

Orchard  Oriole 

Icterus  spurius 

18 

May 

(10 

May-03  Jun) 

— 

BAOR 

PULI 

Baltimore  Oriole 
Purple  Pinch 

Icterus  gaihula 
Carpodacus  purpu- 

20 

May 

(09 

May-14  Jun) 

28  Aug  (15  Aug-09  Oct) 
03  Oct  (21  Aug-05  Nov) 

HOLI 

House  Pinch 

Carpodacus  mexi- 
canus 

08 

May 

(15 

Apr- 14  Jun) 

12  Sep  (16  Aug-16  Nov) 

AMGO 

American  Goldfinch 

Carduelis  tristis 

19 

May 

(18 

Apr- 15  Jun) 

25  Oct  (20  Aug- 15  Nov) 
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SUNRISE  NEST  ATTENDANCE  AND  AGGRESSION  BY  LEAST 
BELL’S  VIREOS  FAIL  TO  DETER  COWBIRD  PARASITISM 

BRYAN  L.  SHARP'  ’ AND  BARBARA  E.  KUS^-* 


ABSTRACT. — We  video-recorded  three,  natural,  brood-parasitism  events  by  Brown-headed  Cowbirds  (Mol- 
othrus  ater)  at  nests  of  Least  Bell’s  Vireos  (Vireo  bellii  pnsillns).  All  instances  occurred  near  dawn,  during  both 
egg-laying  and  incubation  stages  of  the  nesting  cycle.  In  each  case,  an  adult  vireo  was  on  the  nest  when  the 
female  cowbird  arrived.  Both  members  of  each  parasitized  pair  vigorously  attacked  the  intruding  cowbird,  but 
in  no  encounter  did  a pair  of  vireos  successfully  defend  its  nest  from  parasitism.  Thus,  Least  Bell’s  Vireos  in 
our  study  were  unable  to  prevent  a female  cowbird  from  parasitizing  their  nests  once  the  cowbird  had  reached 
the  nest.  Received  16  October  2003,  accepted  1 April  2004. 


There  are  several  ways  in  which  potential 
hosts  may  protect  a nest  from  the  detrimental 
impacts  of  brood  parasitism.  Two  strategies 
may  prevent  a cowbird  from  laying:  nest  sit- 
ting (rushing  to  the  nest  and  sitting  in  it;  Hob- 
son and  Sealy  1989,  Gill  and  Sealy  1996)  and 
aggression  directed  at  the  intruding  cowbird 
(Robertson  and  Norman  1977,  Briskie  et  al. 
1990).  The  effectiveness  of  such  behaviors  in 
deterring  parasitism  is  unclear.  The  hndings  of 
Sealy  et  al.  (1998)  suggest  that  these  behav- 
iors do  not  thwart  parasitism.  However,  J.  M. 
Budnik  (pers.  comm.)  video-recorded  a 
Brown-headed  Cowbird  {Molothnis  ater)  lay- 
ing an  egg  on  the  back  of  a midwestern  Bell’s 
Vireo  {Vireo  bellii  bellii)  that  refused  to  leave 
the  nest,  and  several  times  observed  vireo 
pairs  preventing  cowbirds  from  laying  by 
physically  attacking  and  driving  them  away 
(Budnik  1999,  Budnik  et  al.  2001). 

After  a nest  has  been  parasitized,  the  most 
effective  anti-parasite  responses  by  the  host 
are  to  ( I ) eject  the  egg  from  the  nest  ( Roth- 
stein  1976,  Sealy  and  Bazin  1995),  or  (2)  bury 
the  egg  (Clark  and  Robertson  1981,  wSealy 
1995).  A third  strategy  is  that  of  abandoning 
the  nest  and  re-nesting,  but  the  effectiveness 


' Dept,  of  Biology,  San  Diego  Stale  Univ.,  5500 
C’ampanilc  Dr.,  San  Diego,  ('A  021X2,  USA. 
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of  this  strategy  varies  (Graham  1988,  Hosoi 
and  Rothstein  2000,  Kus  2002). 

Nest-attendance  behavior  by  potential  hosts 
during  times  when  cowbirds  may  lay  eggs  is 
an  important  consideration  when  examining  a 
host’s  defense  capability  (Neudorf  and  Sealy 
1994,  Clotfelter  and  Yasukawa  1999).  Scott 
(1991)  and  Neudorf  and  Sealy  (1994)  found 
that  Brown-headed  Cowbirds  lay  near  (usually 
before)  sunrise  during  the  laying  stage  of  the 
nesting  cycle.  A host  that  is  vigilant  near  the 
nest  at  these  times  may  be  able  to  defend  its 
nest  better  than  a host  that  is  not  attending  its 
nest  (Neudorf  and  Sealy  1994,  Clotfelter  and 
Yasukawa  1999).  However,  Sealy  et  al.  (2000) 
found  that  sunrise  nest  attendance  was  a func- 
tion of  the  onset  of  incubation  rather  than  a 
nest-defense  strategy. 

Least  Bell’s  Vireo  {V.  b.  piisillit.s)  is  a fed- 
erally endangered  songbird  that  is  heavily  par- 
asitized throughout  most  of  its  current  range 
in  California  (Franzreb  1989;  Kus  1999, 
2002).  Consequently,  extensive  cou bird-trap- 
ping programs  have  been  instituted  within  the 
geographic  range  of  this  \ ireo.  As  Least  BelLs 
Vireo  is  a recent  host,  co-occurring  with  cow- 
birds  only  during  the  last  century  (Maylield 
1965),  it  may  lack  natural  defenses  against 
parasitism.  Least  Bell’s  Vireos  only  rarely 
bury  cowbird  eggs  (BliK  unpubl.  data),  and, 
like  many  other  small  hosts,  inclutling  the 
western  subspecies  ol'  Warbling  Vireo  (\'.  g/7- 
vii.\  swain.sonii:  ,S.  G.  .Scaly  pets,  comm.). 
Least  Bell's  Vireos  are  probably  unable  to 
grasp-  or  puncture-eject  cowbird  eggs  (Roth- 
stein 1975a,  .Spaw  and  Rohwer  1987,  Rohwer 
and  .Spaw  1988).  I .east  l^ell's  Vireos  abtuulon 
parasitized  nests,  but  they  do  so  at  a mueh 
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lower  rate  (mean  = 29%,  n = 207;  Kus  1999) 
than  the  nominate  subspecies,  V.  h.  hellii 
[74%,  n = 43  (Parker  1999);  51%,  n = 63, 
(Budnik  et  al.  2001)],  and  nest  desertion  and 
re-nesting  by  Least  Bell’s  Vireos  is  not  cur- 
rently an  effective  defense  against  the  impacts 
of  parasitism  (Kus  2002).  Nothing  is  known 
about  the  ability  of  Least  Bell’s  Vireos  to  deter 
parasitism  through  nest  defense. 

We  video-recorded  natural  parasitism 
events  of  Least  Bell’s  Vireos  by  Brown-head- 
ed Cowbirds  to  examine  this  host’s  ability  to 
defend  its  nest  and  to  analyze  host  responses 
after  being  parasitized.  The  specific  questions 
we  addressed  were  (1)  when  do  Brown-head- 
ed Cowbirds  lay  their  eggs  in  Least  Bell’s  Vir- 
eo  nests  with  regard  to  time  of  day  and  stage 
in  the  nesting  cycle,  (2)  are  Least  Bell’s  Vir- 
eos attending  the  nest  when  cowbirds  arrive 
to  lay  an  egg,  (3)  how  do  Least  Bell’s  Vireos 
interact  with  cowbirds  at  the  nest,  and  (4)  do 
Least  Bell’s  Vireos  accept  or  reject  a parasitic 
egg?  We  addressed  these  questions  to  evaluate 
whether  Least  Bell’s  Vireo  may  be  able  to 
adapt  to  the  pressure  of  brood  parasitism. 

METHODS 

We  monitored  129  Least  Bell’s  Vireo  nests 
along  the  San  Luis  Rey  River  in  northern  San 
Diego  County,  California,  during  the  2000 
breeding  season  as  part  of  a larger,  long-term 
study  of  vireo  demographics.  Cowbirds  were 
not  trapped  within  our  study  site  during  this 
season.  We  placed  cameras  at  19  nests  of  13 
different  vireo  pairs  between  28  April  and  7 
July.  These  nests  were  in  early  stages  of  the 
nesting  cycle  when  Brown-headed  Cowbirds 
typically  parasitize  nests  (Lowther  1993,  Sca- 
ly 1995).  Videotapings  were  made  from  1 day 
before  clutch  initiation  through  the  midpoint 
(day  6)  of  incubation.  We  extended  videotap- 
ing through  day  6 of  incubation  to  find  if  par- 
asitism might  occur  later  in  the  cycle.  Cam- 
eras were  of  two  types:  Fuhrman  Microcams 
and  Christensen  Sentinel  Systems.  Lenses 
were  placed  within  1 m of  nests,  camouflaged 
by  surrounding  vegetation.  The  camera  was 
connected  by  cable  to  the  recorder,  which  was 
hidden  10-20  m away  from  the  nest.  The  field 
of  view  for  cameras  included  the  nest  and  5— 
50  cm  radii  around  the  nest,  depending  on 
where  we  were  able  to  locate  the  camera  lens. 
We  videotaped  nest  activity  continuously  in 


time-lapse  mode  (20  frames/sec)  until  either 
the  young  fledged,  or  the  nest  was  depredated 
or  abandoned  for  other  reasons,  at  which  time 
we  moved  the  camera  to  another  nest. 

We  reviewed  video  recordings  to  determine 
whether  an  adult  vireo  was  on  or  near  the  nest 
prior  to  parasitism,  whether  vireos  defended 
the  nest  during  parasitism  attempts,  and 
whether  vireos  accepted  or  rejected  cowbird 
eggs  after  being  parasitized.  We  noted  the  du- 
ration of  each  encounter  between  a female 
cowbird  and  the  pair  of  vireos  (sensu  the  “lay- 
ing bout’’  described  in  Sealy  et  al.  1995)  as 
well  as  the  actual  time  each  cowbird  spent 
poised  in  a laying  posture  on  the  nest.  We  re- 
viewed 2-hr  segments  (from  1 hr  before  sun- 
rise to  1 hr  after  sunrise)  for  each  day  a cam- 
era was  located  at  a nest,  up  to  the  midpoint 
of  incubation,  targeting  the  time  of  day  (Scott 
1991,  Neudorf  and  Sealy  1994)  and  stage  of 
the  nesting  cycle  (Lowther  1993,  Sealy  1995) 
when  cowbirds  typically  parasitize  nests.  We 
also  noted  whether  an  adult  vireo  roosted  on 
its  nest  overnight.  If  an  adult  was  not  on  the 
nest  within  1 hr  before  sunrise,  we  assumed 
no  adult  roosted  on  the  nest,  and  we  recorded 
the  time  an  adult  first  visited  the  nest  in  the 
morning  relative  to  time  of  sunrise.  We  ob- 
tained sunrise  times  from  the  U.S.  Naval  Ob- 
servatory website. 

We  considered  incubation  to  begin  the  day 
after  the  last  egg  was  laid,  although  incubation 
begins  with  the  penultimate  egg  (BEK  pers. 
obs.).  We  chose  this  chronology  to  allow  us 
to  designate  days  as  either  laying  days  or  in- 
cubation days.  Eor  nests  parasitized  during 
laying,  we  left  cowbird  eggs  in  place  until 
clutches  were  complete  (6-10  days  after  par- 
asitism), and  then  removed  them  as  authorized 
by  federal  and  state  permits.  Means  are  re- 
ported ± SE. 

RESULTS 

We  videotaped  three  parasitism  events  by 
Brown-headed  Cowbirds  (Table  1).  Two 
events  occurred  before  sunrise,  and  one  took 
place  shortly  after  sunrise,  yielding  a mean 
parasitism-event  time  of  sunrise  — 1 1.0  ± 6.4 
min  (Table  1).  One  nest  was  parasitized  on 
day  4 of  incubation,  whereas  the  others  were 
parasitized  during  laying  (Table  1).  No  nest 
was  abandoned. 

In  each  parasitism  event,  an  adult  vireo  was 


Sharp  and  Kiis  • VIREO-COWBIRD  INTERACTIONS  AT  NESTS 


19 


TABLE  1.  Characteristics  of  the  nesting  stage  of  videotaped  parasitism  events  at  Least  Bell’s  Vireo  nests, 
San  Luis  Rey  River,  San  Diego  County,  California,  28  April-7  July  2000.^* 


Date  of 
parasitism 

Time  of 
parasitism 

Duration  of 
encounter 

Time  cowbird 
in  nest, 
laying 

Nesting  stage  when 
parasitized 

Clutch 
size  when 
parasitized 

Completed  clutch 
size  (vireo  eggs 
only) 

6 May 

SR'’  - 21  min 

42  sec 

23  sec 

Day  2 of  laying 

1 

4 

15  May 

SR  - 13  min 

35  sec 

33  sec 

Day  3 of  laying 

2 

4 

12  June 

SR  + 1 min 

43  sec 

23  sec 

Day  4 of  incubation 

2 

2 

^ Parasitism  event  at  a fourth  nest  was  not  recorded  on  tape  due  to  technical  difficulties. 
^ SR  = sunrise. 


Still  on  the  nest  from  the  nocturnal  roosting/ 
incubation  period.  Because  birds  were  not 
marked,  we  were  unable  to  identify  the  gender 
of  individuals.  Attendant  vireos  remained  on 
the  nest,  but  were  forced  off  the  nest  after  be- 
ing pecked  repeatedly  by  the  female  cowbird. 
Once  ousted  from  the  nest,  the  vireo  attacked 
the  cowbird  and  was  joined  by  its  mate  within 
a few  seconds,  suggesting  the  mate  was  near- 
by. Although  we  could  not  record  sound  in 
time-lapse  mode,  we  could  see  that  the  vireos 
were  scolding,  and  we  presume  that  this  vo- 
calization is  what  attracted  the  second  adult 
vireo.  Both  vireos  scolded,  jumped  on  the 
cowbird,  struck  the  cowbird  while  flying  by 
it,  tried  to  pull  the  cowbird  away  from  the 
nest,  and  repeatedly  pecked  the  intruder.  One 
cowbird  left  the  nest  on  its  first  attempt,  but 
returned  within  6 sec  and  successfully  laid  an 
egg.  Encounters  between  female  cowbirds  and 
hosts  averaged  40.0  ± 2.5  sec  (Table  1).  The 
mean  time  each  cowbird  spent  on  the  nest 
poised  in  a laying  posture  was  26.3  ± 3.3  sec 
(Table  1 ).  No  host  eggs  were  removed  by 
cowbirds. 

After  parasitism,  one  member  of  each  vireo 
pair  returned  to  its  nest  7-18  sec  (/?  = 3 pairs) 


after  the  cowbird  left,  and  resumed  normal 
nest  attendance  21-146  sec  after  parasitism. 
Upon  returning  to  the  nest  to  brood,  the  adult 
inspected  the  contents  prior  to  sitting  in  the 
nest.  Pairs  parasitized  during  laying  continued 
laying  until  completing  the  typical  clutch  of 
four  vireo  eggs  (Brown  1993,  Kus  1999). 
Egg-laying  continued  at  a normal  rate  of  one 
egg  per  day,  with  the  exception  of  one  female 
that  did  not  lay  her  fourth  egg  until  5-7  days 
after  her  third  egg  (6-8  days  after  parasitism). 
None  of  the  vireo  pairs  removed  the  parasitic 
egg.  In  the  1 14  “nest-days”  of  tapes  we  re- 
viewed (n  = 19  nests),  there  were  no  encoun- 
ters with  cowbirds  other  than  the  three  that 
resulted  in  parasitism.  Thus,  we  found  no  in- 
stances in  which  Least  Bell’s  Vireos  prevented 
a cowbird  from  parasitizing  a nest  once  the 
cowbird  had  reached  the  nest. 

Of  the  1 14  nest-days  of  tapes,  there  were 
only  1 1 instances  in  which  an  adult  \ ireo  was 
not  on  the  nest  overnight.  Of  these  1 1 cases, 
4 occurred  before  laying  began,  6 were  during 
laying,  and  1 occurred  on  day  2 of  incubation 
(Table  2).  There  were  no  instances  in  which 
an  adult  did  not  roost  on  a nest  overnight  from 
day  3 of  incubation  forward.  Linear  regression 


TABLE  2.  Frequency  of  overnight  roosting  on  the  nest  and  arrival  times  of  non-roosting  adult  Least  Bell's 

Vireos  over  the  nesting  cycle,  San  Luis  Rey  River,  San  Diego  County,  California.  28  April-7  July  2()()(). 

Day  4 Da\  I 

Day  before  lay*'  Day  I lay  Day  2 lay  Day  .t  lay  lay  me  ' Da>  2 me 

Adult  on  nest  over-  0/4  3/5  11/13  0/10  5/6  1.5/15  LV14 

night/total  nests 
observed 

Mean  arrival  time  of  +26.0  13.1  +30.0  5.0  +16.5  * 0.5  +26  *4  0 

non-roosting  adult 
relative  to  SR'’  1. 

SI:  (min) 


" lay  laying,  ine  ineubalion 
'’SR  sunrise. 
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of  arrival  time  (relative  to  sunrise)  versus  day 
of  nesting  cycle  demonstrated  that  adults  that 
did  not  roost  on  the  nest  overnight  arrived  at 
the  nest  earlier  in  the  day  as  the  nesting  cycle 
progressed  {t  = -3.859,  P = 0.018;  Table  2). 

DISCUSSION 

Our  recordings  represent  the  first  video 
documentation  of  parasitism  by  Brown-head- 
ed Cowbirds  of  Least  Bell’s  Vireos.  Two  of 
the  recorded  instances  of  parasitism  occurred 
during  the  laying  stage  of  the  nesting  cycle, 
as  is  most  often  reported  in  the  literature 
(Lowther  1993,  Sealy  1995).  The  third  nest 
was  not  parasitized  until  midway  through  the 
incubation  stage.  Although  most  parasitism 
occurs  during  the  laying  stage,  instances  of 
parasitism  during  the  incubation  stage  are  not 
uncommon  (Lowther  1993,  Sealy  1995). 

As  reported  elsewhere  (Scott  1991,  Neudorf 
and  Sealy  1994),  Brown-headed  Cowbirds 
laid  their  eggs  around  sunrise.  This  timing  of 
laying  is  believed  to  be  an  adaptation  for  lay- 
ing when  host  adults  do  not  typically  attend 
nests  (Scott  1991);  however,  Neudorf  and  Sea- 
ly (1994)  and  Sealy  et  al.  (2()()0)  found  that 
some  hosts  do  attend  their  nests  at  sunrise. 
Clotfelter  and  Yasukawa  (1999)  suggested 
that  onset  of  nocturnal  incubation  early  in  the 
nesting  cycle  may  be  a strategy  by  which  Red-  " 
winged  Blackbirds  (Agelaius  phoeniceus)  pre- 
vent parasitism.  Birds  roosting  or  incubating 
overnight  will  be  on  the  nest  at  dawn,  when 
cowbirds  lay  and,  thus,  will  be  able  to  defend 
the  nest  better  than  if  they  were  away  from 
the  nest  during  a cowbird  visit  (Neudorf  and 
Sealy  1994,  Clotfelter  and  Yasukawa  1999). 

An  adult  vireo  was  roosting  at  the  nest  or 
incubating  before  each  parasitism  event  we 
videotaped  and  an  adult  roosted  overnight  on 
nearly  every  nest-day  we  observed.  All  1 1 in- 
stances in  which  an  adult  did  not  roost  on  the 
nest  overnight  occurred  before  or  during  lay- 
ing, with  the  exception  of  one  instance  that 
occurred  on  day  2 of  incubation  (Table  2). 
This  pattern,  the  earlier  arrival  times  of  non- 
roosting adults  as  the  nesting  cycle  progressed 
(Table  2),  and  the  vireos’  inability  to  defend 
their  nest  when  present  at  the  time  of  a cow- 
bird  visit,  support  the  conclusion  of  Sealy  et 
al.  (2000):  nest  attentiveness  is  more  a func- 
tion of  the  onset  of  incubation  than  an  anti- 
parasite strategy. 


Vireos  responded  aggressively  to  the  fe- 
male cowbird  in  each  instance  of  parasitism. 
However,  sitting  in  the  nest  and  attacking  the 
cowbird  did  not  prevent  parasitism,  contrary 
to  observations  that  midwestern  Bell’s  Vireos 
escaped  parasitism  with  similar  behavior 
(Budnik  1999,  Budnik  et  al.  2001).  We  are 
uncertain  as  to  why  defense  tactics  that  were 
effective  in  the  midwestern  subspecies  failed 
to  deter  parasitism  in  Least  Bell’s  Vireos. 

Least  Bell’s  Vireos  quickly  accepted  cow- 
bird eggs.  Possible  reasons  for  acceptance 
may  be  ( 1 ) lack  of  recognition  of  the  cowbird 
egg  (Rothstein  1975b,  1990;  Sealy  1996;  Tak- 
asu  1998),  or  (2)  vireos  may  recognize  cow- 
bird eggs  as  foreign  but  are  unable  to  eject 
them.  If  the  latter  is  the  case,  nest  abandon- 
ment is  the  only  response  to  parasitism  avail- 
able to  Least  Bell’s  Vireos.  Although  nest 
abandonment  was  not  observed  in  our  sample 
of  videotaped  nests.  Least  Bell’s  Vireos  are 
known  to  abandon  parasitized  nests  (Kus 
1999),  albeit  it  at  a low  rate  (Kus  2002). 

When  Least  Bell’s  Vireos  accept  cowbird 
eggs,  the  end  result,  without  human  interven- 
tion (i.e.,  removal  of  cowbird  eggs  from 
nests),  is  the  failure  to  produce  vireo  young 
(Kus  1999,  2002).  Least  Bell’s  Vireos  have 
never  been  observed  to  fledge  vireo  and  cow- 
bird young  from  the  same  nest  (BEK  unpubl. 
data).  We  recognize  that  our  sample  size  is 
small  (such  data  are  extremely  difficult  to  ob- 
tain); however,  all  of  the  vireos  in  our  study 
failed  to  deter  parasitism.  Given  the  apparent 
inability  to  avert  parasitism  even  when  attend- 
ing the  nest  at  sunrise,  and  the  ineffectiveness 
of  nest  abandonment  and  re-nesting  in  re- 
sponse to  parasitism  (Kus  2002),  Least  Bell’s 
Vireos  may  lack  behavioral  defenses  sufficient 
to  prevent  parasitism  or  its  negative  impacts 
once  a female  cowbird  has  reached  a vireo 
nest. 
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EFFECTS  OF  FOOD  SUPPLEMENTATION  ON  FEMALE  NEST 
ATTENTIVENESS  AND  INCUBATION  MATE  FEEDING  IN 
TWO  SYMPATRIC  WREN  SPECIES 

AARON  T.  PEARSE,'-’’  JOHN  F.  CAVITT,'  '»  AND  JACK  F.  CULLY,  JR.^ 


ABSTRACT. — We  examined  effects  of  incubation  mate  feeding  on  female  incubation  behavior  and  correlates 
of  fitness  by  providing  female  Bewick’s  Wrens  {Thryomanes  bewickii)  and  House  Wrens  {Troglodytes  aeclon) 
with  food  supplements.  Males  of  these  species  vary  in  their  rates  of  feeding;  Bewick’s  Wrens  feed  their  incu- 
bating mates  frequently,  whereas  House  Wrens  seldom  engage  in  this  behavior.  Average  length  of  incubation 
bout  and  nest  attentiveness  (proportion  of  time  spent  on  the  nest)  were  higher  for  supplemented  female  Bewick’s 
Wrens  and  House  Wrens  compared  to  controls.  Furthermore,  mates  of  supplemented  Bewick’s  Wrens  provisioned 
females  at  lower  rates  than  controls,  and  their  rate  of  feeding  was  inversely  correlated  with  ambient  temperature. 
Incubation  length  and  hatching  success  were  not  significantly  different  between  treatments  for  either  species. 
These  results  suggest  that  incubation  mate  feeding  can  increase  female  nest  attentiveness  and  perhaps  enhance 
fitness  of  both  males  and  females.  In  House  Wrens,  potential  tradeoffs  between  the  benefits  of  parental  care  and 
opportunities  to  obtain  additional  mates  may  explain  why  males  rarely  feed  incubating  females.  Received  I July 
2003,  accepted  15  March  2004. 


In  species  that  exhibit  parental  care,  there 
is  often  a division  of  labor  between  sexes, 
with  one  sex  primarily  attending  the  nest. 
Consequently,  trade-offs  between  offspring 
development  and  survival  versus  parental  con- 
dition can  exist  if  nest  attentiveness  is  con- 
strained by  parental  food  limitation  (Royama 
1966).  Food  brought  to  the  attending  adult  by 
the  nonattending  mate  may  ameliorate  food 
limitation,  and  thus,  offset  these  trade-offs 
(Smith  et  al.  1989).  Feeding  of  incubating  fe- 
males by  mates  occurs  in  more  than  40%  of 
North  American  passerines  (Kendeigh  1952) 
and  is  most  pronounced  in  cavity  nesters. 
Nonetheless,  considerable  variation  in  the  rate 
of  incubation  mate  feeding  exists  (Martin  and 
Ghalambor  1999). 

Traditionally,  incubation  feeding  was 
thought  to  maintain  the  pair  bond  between 
mates  (Lack  1940,  Kluyver  1950,  Andrew 
1961)  or  represent  a premature  attempt  by 
males  to  feed  nestlings  (Skutch  1953,  Nolan 
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1958,  Ricklefs  1974,  Johnson  and  Kermott 
1992).  Both  of  these  hypotheses  have  been 
challenged,  and  it  has  been  suggested  that 
food  delivered  to  females  constitutes  an  es- 
sential nutritional  contribution  (i.e.,  the  food 
limitation  hypothesis;  von  Haartman  1958, 
Royama  1966,  Krebs  1970,  Smith  1980,  Nils- 
son and  Smith  1988). 

Experimental  tests  of  the  potential  adaptive 
benefit  of  incubation  feeding  (in  terms  of  fe- 
male attentiveness  and  hatching  success)  are 
relatively  rare  (e.g.,  Nilsson  and  Smith  1988, 
Moreno  1989,  Smith  et  al.  1989).  In  this 
study,  we  examined  effects  of  food  supple- 
ments on  female  incubation  behavior  and  cor- 
relates of  fitness  in  two  sympatric,  secondary 
cavity-nesting  species,  Bewick’s  Wren  {Thryo- 
maues  bewickii)  and  House  Wren  {Troglo- 
clyte.s  aedon).  Incubation  mate  feeding  is  com- 
mon in  Bewick's  Wrens  (Miller  1941 ),  where- 
as male  House  Wrens  rarely  feed  their  mates 
during  incubation  (Johnson  and  Kermott 
1992).  We  increased  food  available  to  incu- 
bating females  by  pro\  iding  food  supplements 
inside  nest  boxes  (Nilsson  and  Smith  1988. 
Smith  et  al.  1989).  Jhis  allowed  females  to 
have  sole  access  to  food  without  lea\ing  nest 
cavities,  simulating  incubation  feeding.  II 
mate  I'eeding  constitutes  an  important  contri- 
bution to  females,  we  predicted  that  lootl  sup- 
plements would  enhance  nest  attentiveness.  If 
additional  foot!  enhances  female  altenti\ eness. 
hatching  success  shouki  increase  and  tluration 
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of  incubation  should  be  reduced  at  supple- 
mented nests  relative  to  controls.  If  males  do 
monitor  female  attentiveness,  we  also  predict- 
ed they  would  adjust  their  rates  of  mate  feed- 
ing accordingly  and  reduce  their  rate  of  in- 
cubation feeding  to  highly  attentive  females 
provided  with  food  supplements  (Smith  et  al. 
1989). 

METHODS 

Study  area  and  species. — We  conducted 
this  study  from  early  April  through  late  Au- 
gust 1997  at  the  Konza  Prairie  Biological  Sta- 
tion, 10  km  south  of  Manhattan,  Kansas  (see 
Zimmerman  1993  for  site  description).  We 
monitored  152  nest  boxes  along  gallery  for- 
ests, attenuated  gallery  forests,  and  rock-out- 
crop  shrub  communities  of  Konza  (Kennedy 
and  White  1996). 

Bewick’s  Wrens  are  common  summer  res- 
idents and  occasional  winter  residents  of  the 
attenuated  gallery  forest  (Zimmerman  1993). 
In  Kansas,  Bewick’s  Wrens  are  double-brood- 
ed; first  nests  are  initiated  in  early  April  and 
second  nests  are  initiated  in  late  May  (Farley 
1987).  Bewick’s  Wrens  are  socially  monoga- 
mous with  only  a few  suspected  cases  of  po- 
lygyny;  mean  clutch  size  for  this  population 
is  6.1  eggs  (Kennedy  and  White  1997).  Only 
female  Bewick’s  Wrens  incubate  eggs,  but 
males  feed  their  incubating  mates  and  assist 
in  feeding  nestlings  (Miller  1941). 

House  Wrens  are  common  summer  resi- 
dents of  Konza,  using  both  gallery  and  atten- 
uated gallery  forests  (Zimmerman  1993). 
They  are  double-brooded,  initiating  first  nests 
in  early  May  and  second  nests  in  late  June. 
House  Wrens  are  considered  socially  monog- 
amous (Johnson  1998),  but  the  percentage  of 
males  that  attract  secondary  females  can  be  as 
high  as  14%  in  some  populations  (Soukup  and 
Thompson  1997a).  Mean  clutch  size  of  first 
broods  is  6.2  eggs,  slightly  larger  than  second 
broods  (5.9  eggs;  E.  D.  Kennedy  pers. 
comm.).  Only  females  incubate,  but  males 
generally  assist  in  feeding  nestlings.  The  rate 
of  incubation  feeding  in  a Wyoming  popula- 
tion of  House  Wrens  was  found  to  be  extreme- 
ly low  (0.2  feedings/hr;  Johnson  and  Kermott 
1992),  but  there  are  few  data  on  this  behavior 
for  other  populations. 

General  procedures. — We  checked  all  nest 
boxes  once  weekly  from  early  April  until  late 


July  to  determine  clutch  initiation  dates.  Ac- 
tive nests  were  then  visited  every  1—2  days  to 
determine  presence  and  number  of  eggs  or 
nestlings.  Initiation  of  incubation  was  deter- 
mined by  egg  temperature  (warm  versus  cold) 
and  female  behavior.  Near  the  expected  hatch 
dates,  nests  were  visited  daily  to  determine 
hatch  date  and  hatching  success. 

Food  supplementation  experiment. — All 
nests  discovered  during  egg  laying  were  ran- 
domly allocated  to  either  food  supplemented 
or  control  treatments.  Nests  allocated  to  the 
food  supplementation  treatment  were  supplied 
with  15  g of  live  mealworm  larvae  {Tenehrio 
molitor)  every  day  (06:00-10:00  CST)  during 
incubation.  This  amount  of  food  was  chosen 
based  on  the  estimate  that  a 10.6  g wren  ex- 
pends ~61  kJ/day  (Dykstra  and  Karasov 
1993).  Assuming  that  the  energy  content  of 
mealworms  is  1 1 .59  kJ/g  (calculated  from 
Bell  1990)  and  a wren’s  assimilation  efficien- 
cy of  mealworms  is  0.65  (Kacelnik  1984),  a 
female  would  need  to  consume  8.2  g of  meal- 
worms to  satisfy  daily  energy  requirements. 
Therefore,  a 15-g  supplement  represents  a 
substantial  energy  contribution  to  incubating 
females.  Food  supplements  were  placed  in 
plastic  feeding  dishes  (35  mm  film  canisters; 
diameter  3.33  cm,  height  4.75  cm)  hung  inside 
nest  boxes  above  the  nest  rim  (cf.  Nilsson  and 
Smith  1988).  This  allowed  us  to  simulate  male 
provisioning  at  the  nest  entranee  and  enabled 
the  female  to  obtain  food  without  leaving  the 
nest  cavity. 

In  most  cases,  mealworms  delivered  to 
nests  were  consumed  before  our  next  visit.  If 
food  remained  in  the  canister,  dead  larvae 
were  removed  and  replaced  with  fresh  larvae. 
Videotaped  observations  revealed  that  three 
female  House  Wrens  occasionally  removed 
mealworms  from  their  nest  box  (see  also 
Johnson  and  Kermott  1992).  This  behavior 
was  never  observed  at  Bewick’s  Wren  nests. 
It  is  unclear  whether  these  female  House 
Wrens  consumed  larvae  outside  their  nest 
boxes  or  removed  them  without  consuming 
them.  Thus,  we  performed  two  exploratory 
analyses  when  comparing  the  effects  of  treat- 
ment on  House  Wrens,  one  using  all  nests  and 
the  second  excluding  data  from  nests  where 
females  removed  mealworms.  Because  the  re- 
sults were  similar,  we  present  combined  data. 

To  identify  the  importance  of  food  avail- 
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ability  to  female  nest  attentiveness,  incubation 
behavior  was  monitored  for  2-4  hr  per  nest 
from  07:00  to  12:00  by  battery-operated  video 
cameras.  Each  nest  was  recorded  twice:  once 
during  early  incubation  (incubation  day  1-6) 
and  once  during  late  incubation  (incubation 
day  7-12).  We  observed  nests  twice  to  in- 
crease observation  time  and  reduce  effects  of 
potential  anomalous  observations.  Sampling 
early  and  late  also  allowed  us  to  test  whether 
nest  attentiveness  changed  during  the  incu- 
bation period.  Tripods  were  placed  5-10  m 
from  a nest  box  one  day  before  taping  to  ac- 
climate adults  to  the  disturbance.  From  re- 
cordings we  determined  average  length  of  in- 
cubation bout  (time  inside  the  nest  box),  av- 
erage length  of  recess  bout  (time  outside  the 
nest  box),  female  nest  attentiveness  (propor- 
tion of  time  inside  the  nest  box),  and  frequen- 
cy of  mate  feedings  at  the  nest.  Because  vid- 
eotaped observations  were  used,  we  could  not 
determine  the  number  of  mate  feedings  that 
may  have  occurred  away  from  the  nest  site, 
out  of  camera  range.  It  should  be  noted,  how- 
ever, that  in  some  populations  the  frequency 
of  House  Wren  mate  feedings  away  from  the 
nest  is  extremely  low  (Johnson  and  Kermott 
1992).  The  extent  to  which  Bewick’s  Wren 
males  may  feed  females  away  from  the  nest 
is  not  known.  Temperature  at  time  of  taping 
was  obtained  from  hourly  data  recorded  at  a 
weather  station  located  at  the  Konza  head- 
quarters. 

Data  analysis. — All  statistical  analyses 
were  performed  using  the  ^Statistical  Analysis 
.System  (SAS  Institute,  Inc.  1999).  Compari- 
sons of  clutch  size  and  clutch  initiation  be- 
tween food-supplemented  and  control  nests 
for  each  species  were  performed  using  r-tests 
(PROC  FfEST).  Correlations  between  tem- 
perature at  the  time  of  observation  and  female 
nest  attentiveness  (both  species)  and  male 
feeding  rate  (Bewick’s  Wrens  only)  were  cal- 
culated using  PR()(’  CT)RR. 

Four  dependant  variables  describing  incu- 
bation behavior  were  analyzed  in  the  food 
supplementation  experiment:  lengths  of  incu- 
bation and  recess  bouts,  nest  attentiveness, 
and  mate-feeding  rate.  Mean  incubation-  and 
recess-bout  lengths  were  calculated  lor  each 
videotape  sessiofi  by  di\  itling  incubation-  and 
recess-bout  lengths  by  the  numbei  ol  incuba- 
tion and  recess  bouts  taken,  respectively.  Fe- 


male nest  attentiveness  was  defined  as  the  pro- 
portion of  time  the  female  spent  in  the  nest 
box.  Mate-feeding  rate  (feedings/hr;  Bewiek’s 
Wrens  only)  was  caleulated  by  dividing  the 
frequency  of  mate  feedings  for  a videotape 
session  by  the  total  time.  We  did  not  calculate 
mate-feeding  rate  for  House  Wren  males  be- 
cause we  only  observed  three  instances  of  this 
behavior  during  our  videotape  sessions.  All 
behavioral  response  variables  were  analyzed 
using  repeated  measures  ANOVA,  with  food 
supplementation  as  the  independent  variable 
of  interest  and  species  as  a blocking  variable. 
Repeated  measures  ANOVA  was  used  to  ae- 
count  for  correlation  between  multiple  nest 
observations  of  a single  nest  (PROC  MIXED). 
Least-squared  (LS)  means  and  associated  P- 
values  were  obtained  using  the  LSMEANS 
statement  and  PDIFF  option.  Temperature  at 
the  time  of  taping  was  used  as  a covariate  in 
the  analysis  of  mate-feeding  rate  because  a 
significant  correlation  was  found  both  in  our 
and  other  studies  (Nilsson  and  Smith  1988, 
Smith  et  al.  1989,  Halupka  1994).  Differences 
between  early  and  late  incubation  behavior 
were  analyzed  by  species  using  paired  /-tests 
(PROC  UNIVARIATE). 

Two  dependant  variables  correlated  with  ht- 
ness — incubation  length  and  hatching  suc- 
cess— were  analyzed  to  determine  whether 
food  supplementation  potentially  increased  fit- 
ness. Incubation  length  (INCL)  was  calculated 
using  hatch  date  (HD),  clutch  size  (CS),  and 
clutch  initiation  date  (CID): 

INCL  = HD  - |CID  + (CS  - 1)|. 

Analysis  of  variance  was  used  lo  examine  dif- 
ferences in  incubation  length  with  the  same 
independent  variables  as  described  above 
(PROC  MIXED).  Hatching  success  was  ana- 
lyzed using  a generalized  linear  mixed  model 
approach,  which  is  et|uivalent  to  a mixed 
model  logistic  regression  (CLIMMIX  Macro: 
Wolfinger  and  O'C’onnell  1993).  I he  success 
or  laihire  of  indi\idual  eggs  from  successful 
nests  (one  or  more  eggs  hatched)  were  re- 
sponse variables,  and  nests  were  consideied  a 
cluster  sample  because  responses  of  iiulividual 
eggs  w ithin  a nest  may  be  conelated.  Standard 
errors  t)l  hatching  success  were  calculated  us- 
ing the  Delta  method  from  staiulartl  errors 
computetl  on  the  U)gil  scale  (Littell  et  al. 
199b). 
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TABLE  1.  Least-square  means  of  ineubation  behavior  of  Bewick’s  Wrens  (BW)  and  House  Wrens  (HW) 
that  were,  or  were  not,  supplied  with  additional  food,  northeast  Kansas,  summer  1997. 


Food  supplemented 


Control 


Species 

Variable 

SE 

X 

SE 

BW 

Incubation  bout'’ 

51.56 

6.89 

35.33 

6.16 

Recess  bouL 

12 

9.77 

1.70 

15 

12.77 

1.52 

Nest  attentiveness^ 

0.82 

0.04 

0.70 

0.04 

HW 

Incubation  bout*’ 

30.21 

5.97 

13.15 

6.16 

Recess  bouL 

16 

4.78 

1.47 

15 

5.43 

1.52 

Nest  attentiveness^' 

0.81 

0.04 

0.71 

0.04 

^ Number  of  videotape  sessions. 

^Average  amount  of  time  females  spent  in  the  nest  box  without  leaving  (min). 

Average  of  time  females  spent  out  of  the  nest  box  before  returning  (min). 

^ Proportion  of  time  females  spent  in  the  nest  box. 


Male  House  Wrens  without  food  were  ob- 
served visiting  nest  boxes  of  their  mates.  We 
calculated  total  visits  by  Bewick’s  Wren  and 
House  Wren  males  (total  visits  = feeding  trips 
-f  nonfeeding  trips)  and  compared  total  visits 
of  the  two  species  at  control  nests  using  re- 
peated measures  ANOVA  (PROC  MIXED). 
An  alpha  value  of  0.05  was  selected  to  deter- 
mine significant  differences  for  all  tests. 

RESULTS 

We  observed  15  Bewick’s  Wren  nests  (7 
food  supplemented,  8 control)  for  53.4  hr,  and 
17  House  Wren  nests  (9  food  supplemented, 
8 control)  for  64  hr.  Neither  clutch  size  nor 
date  of  clutch  initiation  (mean  difference,  95% 
Cl)  differed  between  supplemented  and  con- 
trol Bewick’s  Wren  nests  [clutch  size:  0.13 
eggs  (-1.37,  1.63);  clutch  initiation  date: 
-2.5  days  (-23,  18)].  Similar  results  were  ob- 
served for  supplemented  versus  control  House 
Wren  nests  [clutch  size:  0.28  eggs  (-0.63, 
1.19);  clutch  initiation  date:  2 days  (—14, 
18)].  No  differences  were  detected  between 
early  and  late  incubation  behavior  for  either 
species  {P  > 0.25). 

Temperature  was  not  correlated  with  female 
nest  attentiveness  for  either  species  (Bewick’s 
Wren:  r = 0. 16,  P = 0.42;  House  Wren:  r - 
0.03,  P = 0.86),  but  was  negatively  correlated 
with  feeding  rates  of  male  Bewick’s  Wrens  (r 
= —0.66  P < 0.001).  Consequently,  temper- 
ature was  used  as  a covariate  in  the  analysis 
of  feeding  rate.  No  significant  correlation  was 
found  between  Bewick’s  Wren  mate-feeding 
rate  and  female  nest  attentiveness  (r  = —0.23, 
P = 0.24). 

Eood-supplemented  females  had  signifi- 


cantly longer  average  incubation  bouts  (P,  2s 
= 6.97,  P = 0.013)  compared  to  females  in 
control  nests  (Bewick’s  Wren,  P = 0.090; 
House  Wren,  P = 0.057;  Table  1).  Average 
length  of  recess  bout  was  not  significantly  dif- 
ferent (Pi.  28  = 1.38,  P = 0.25)  between  sup- 
plemented and  control  nests  (Bewick’s  Wren, 
P = 0.20;  House  Wren,  P = 0.76;  Table  1). 
Eemale  Bewick’s  and  House  wrens  were  18 
and  14%  (respectively)  more  attentive  to  their 
nest  when  food-supplemented  compared  to 
control  females  (Pi.28  ^ 8.55,  P = 0.007;  Be- 
wick’s Wren,  P = 0.034:  House  Wren,  P = 
0.068;  Table  1).  Male  Bewick’s  Wrens  made 
an  average  of  1.1  fewer  mate  feedings/hr  to 
food-supplemented  females  compared  to  con- 
trol females  (P|  13  = 5.06,  P = 0.042;  Pig. 
lA).  Furthermore,  male  Bewick’s  Wrens  made 
0.162  more  mate  feedings/hr  for  every  1°C 
drop  in  ambient  temperature  (Pi  n = 21.92,  P 
< 0.001).  Experimental  food  supplementation 
did  not  explain  variation  in  incubation  length 
(^1.22  0.52,  P = 0.48;  Bewick’s  Wren,  P = 

0.28;  House  Wren,  P = 0.93;  Table  2)  or 
hatching  success  (Pi.  22  ^ 0.70,  P = 0.41;  Be- 
wick’s Wren,  P = 0.59;  House  Wren,  P 
0.52;  Table  2). 

Male  House  Wrens  from  control  nests  made 
an  average  of  1.88  (SE  = 0.48)  total  visits/hr 
to  their  nest  box  during  our  videotape  ses- 
sions. This  did  not  differ  from  the  average  rate 
of  total  visits  for  Bewick’s  Wren  [1.56  (SE  = 
0.50)  total  visits/hr;  Pi  ,4  = 0.17,  P = 0.68; 
Fig.  IB]. 

DISCUSSION 

The  results  of  our  study  support  the  food 
limitation  hypothesis:  food  provided  to  incu- 
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EIG.  1.  (A)  Eeeding  rate  (feedings/hr  ± 1 SE)  of 

male  Bewick’s  Wrens  at  food-supplemented  and  con- 
trol (no  food  supplementation)  nests  during  incubation, 
adjusted  using  ANCOVA  for  a mean  ambient  temper- 
ature of  16.78°  C.  (B)  Total  visit  rate  (feedings  + non- 
feedings/hr ± 1 SE)  of  male  Bewick’s  Wrens  and 
House  Wrens  at  control  nests. 

bating  females  affects  their  parental  effort. 
Additional  food  provided  to  females  increased 
average  length  of  incubation  bout  and  nest  at- 
tentiveness, suggesting  that  nest  attentiveness 
is  partially  determined  by  the  amount  of  en- 


ergy available  to  the  female.  Our  study  sup- 
ports the  results  of  Smith  et  al.  (1989),  who 
found  that  nest  attentiveness  in  Pied  Flycatch- 
ers (Ficediila  hypoleuca,  a species  that  exhib- 
its mate-feeding  behavior)  was  greater  when 
females  were  provisioned  with  additional 
food. 

Bewick’s  Wren  males  adjusted  rates  of  in- 
cubation feeding  to  supplemented  females:  fe- 
males provided  with  additional  food  were  fed 
less  often  than  females  not  receiving  food  sup- 
plements. Smith  et  al.  (1989)  also  reported 
lower  male  feeding  rates  to  food-provisioned 
female  Pied  Flycatchers.  Additionally,  higher 
rates  of  mate  feeding  in  Bewick’s  Wren  males 
were  observed  as  ambient  temperature  de- 
creased. This  response  also  has  been  observed 
in  other  species  exhibiting  incubation  feeding 
(Nilsson  and  Smith  1988,  Smith  et  al.  1989, 
Halupka  1994).  Our  results  suggest  that  pro- 
visioning incubating  females  is  costly  to  male 
Bewick’s  Wrens  and  that  they  regulate  their 
rate  of  feeding  depending  on  female  nest  at- 
tentiveness and  nutritional  state. 

Providing  adult  females  of  either  species 
with  additional  food  did  not  result  in  signifi- 
cant reductions  in  length  of  incubation  period 
or  in  increased  hatching  success  relative  to 
controls,  although  in  Bewick’s  Wrens  there 
was  a trend  toward  a shorter  incubation  period 
for  supplemented  females  (Table  2).  Other  re- 
searchers have  documented  that  mate  feeding 
during  incubation  can  influence  these  vari- 
ables (Lyon  and  Montgomerie  1985,  Nilsson 
and  Smith  1988).  Averaging  2 years  of  data 
(17  nests),  Nilsson  and  Smith  (1988)  reported 
significantly  earlier  hatching  ( 18.9  hr)  in  food- 
provisioned  Blue  Tit  {Purus  caendeus)  nests 
than  in  controls.  We  were  unable  to  measure 
time  of  hatching  with  such  precision,  but  after 


TABLE  2.  Least-square  means  of'  incubation  length  and  hatching  success  of  Bewick's  Wrens  (BV\  ) and 
House  Wrens  (HW)  that  were  supplied  with  additional  food,  or  not,  in  northeast  Kansas  in  summer  IUd7. 


t-ood  supplemented 


Cotilrol 


Species 

Variable 

/r* 

V 

sr 

' 

SI 

BW 

Incubation  length*’ 

6 

12.83 

0.77 

1 

14.00 

0.71 

Hatching  success^ 

0.78 

0. 1 .s 

0.74 

0.13 

HW 

Incubation  length*’ 

7 

1 1 .67 

0.77 

6 

1 1 .57 

0.71 

Hatching  success' 

0.96 

0.16 

0.82 

0.10 

■'  Sample  si/e  of  nests  used  in  each  analysis. 
Days  of  incubation  needed  to  hatch  a clutch 
Propiirtion  of  successfully  hatchetl  eggs. 


28 


THK  WII.SON  BUI.LETIN  • Vol.  1 16,  No.  I,  March  2004 


converting  our  data  to  hours,  we  found  that 
hatching  was  28  hr  earlier  in  supplemented 
Bewick’s  Wren  nests  than  in  control  nests.  Al- 
though hatching  success  was  not  significantly 
different  between  treatment  and  control  nests, 
it  was  greater  for  both  species  when  given  ad- 
ditional food:  0.20  and  0.95  additional  eggs 
hatched  in  food-provisioned  Bewick’s  and 
House  wren  nests,  respectively.  In  Blue  Tits, 
Nilsson  and  Smith  (1988)  found  a significant 
increase  (6.5%)  in  hatching  success  among 
food-provisioned  nests.  Even  though  we  did 
not  detect  a statistical  difference  in  hatching 
success,  at  a population  level  this  observed 
difference  might  be  of  ecological  importance. 
Furthermore,  if  our  study  had  been  conducted 
in  years  with  poor  food  availability  or  cooler 
temperatures,  htness  benefits  of  additional 
food  might  have  been  more  apparent  (the  long 
term  mean  temperature  for  Manhattan,  Kansas 
for  May  through  July  1897-1994,  was  18.3°, 
23.7°,  and  26.6°  C;  mean  temperatures  for 
May  through  July  1997  were  16.8°,  24.0°,  and 
27.3°  C). 

Enhancing  nest  attentiveness  through  incu- 
bation mate  feeding  could  have  other  benefits 
(other  than  reduced  incubation  length  or  in- 
creased hatching  success),  such  as  serving  to 
reduce  intra-  and  interspecihc  nest  destruc- 
tion. Nest  guarding  has  been  shown  to  reduce 
nest  predation  in  other  species  (Simons  1988, 
Cavitt  1998),  and  time  available  for  guarding 
can  be  limited  by  food  availability  (Cavitt 
1998).  Thus,  if  nest  destruction  by  House 
Wrens  is  an  important  source  of  nest  loss  for 
Bewick’s  Wrens,  increased  nest  attentiveness 
may  further  enhance  fitness  by  reducing  the 
probability  of  nest  destruction  by  House 
Wrens.  Kennedy  and  White  (1996)  reported 
that  the  percent  of  failed  Bewick’s  Wren  nests 
caused  by  House  Wrens  on  our  site  in  other 
years  ranged  from  33  to  100%.  During  our 
study,  however.  House  Wrens  destroyed  only 
one  Bewick’s  Wren  nest;  thus,  we  could  not 
test  this  hypothesis  with  our  data.  The  nest- 
destruction  hypothesis  does  not  explain  the 
lack  of  incubation  feeding  observed  in  House 
Wrens,  because  they  are  also  vulnerable  to 
nest  destruction  by  conspecifics  (Johnson 
1998).  Yet,  House  Wrens  may  use  other  strat- 
egies, such  as  the  coordination  of  nest-guard- 
ing  activities  (Ziolkowski  et  al.  1997),  to  re- 
duce nest  destruction  by  conspecifics. 


If  providing  additional  food  to  female 
House  Wrens  can  enhance  nest  attentiveness 
and,  potentially,  male  fitness,  why  don’t  males 
feed  their  incubating  mates  more  frequently? 
Several  hypotheses  have  been  proposed  to  ex- 
plain the  lack  of  incubation  mate  feeding  (Mo- 
reno 1989,  Johnson  and  Kermott  1992).  The 
predation  hypothesis  (Lyon  and  Montgomerie 
1987)  proposes  that  species  with  a greater  risk 
of  nest  predation  should  have  lower  rates  of 
incubation  feeding  than  species  with  lower 
predation  risks,  because  increased  trips  to  the 
nest  may  attract  attention  of  predators  and  in- 
crease predation  risk  (Skutch  1949;  Martin 
1992,  1996).  In  fact,  incubation  feeding  rates 
in  a suite  of  coexisting  species  was  inversely 
correlated  with  predation  rate  (Martin  and 
Ghalambor  1999).  Predation  is  not  a likely  ex- 
planation in  the  Konza  population  because  we 
commonly  observed  male  House  Wrens  vis- 
iting their  nests  during  the  incubation  period 
without  delivering  food.  Total  number  of  vis- 
its made  by  House  Wren  males  was  not  sig- 
nificantly different  from  the  total  number  of 
trips  made  by  male  Bewick’s  Wrens  (Fig.  IB). 
Thus,  the  occurrence  of  non-feeding  visits  by 
male  House  Wrens  is  not  consistent  with  the 
nest  predation  hypothesis. 

An  alternative  explanation  for  the  differ- 
ence between  male  House  Wrens  and  Be- 
wick’s Wrens  is  that  although  food  provided 
to  the  female  is  beneficial,  other  activities  may 
provide  greater  gains  in  male  htness  (Lifjeld 
and  Slagsvold  1986,  Lifjeld  et  al.  1987).  Male 
House  Wrens  might,  for  example,  increase  ht- 
ness by  seeking  extra-pair  copulations  and  at- 
tracting additional  mates.  Johnson  and  Ker- 
mott (1992)  discounted  this  hypothesis  be- 
cause mate-feeding  rates  did  not  differ  signif- 
icantly between  males  that  attempted  to  attract 
additional  mates  and  those  that  did  not.  How- 
ever, because  House  Wren  incubation  feeding 
rates  are  extremely  low  and  variable,  detecting 
any  signihcant  difference  between  males  that 
vary  in  this  behavior  would  be  difhcult.  Male 
House  Wrens  frequently  invest  time  and  en- 
ergy intruding  onto  adjacent  territories  (2.02 
± 0.41  intrusions/hr)  to  obtain  extra-pair  cop- 
ulations (Johnson  and  Kermott  1989).  In  an 
Illinois  population  of  House  Wrens,  Soukup 
and  Thompson  (1997b)  found  a high  rate  of 
extra-pair  paternity  (—27%  of  all  nests  sam- 
pled) and  documented  that  approximately 
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14%  of  males  were  polygynous.  Thus,  other 
activities  may  enhance  fitness  of  male  House 
Wrens  more  than  improving  female  attentive- 
ness via  mate  feeding. 

Our  results  demonstrate  that  food  provided 
by  males  to  incubating  females  can  be  an  im- 
portant factor  influencing  nest  attentiveness 
and  may  enhance  fitness.  The  disparity  in 
male  mate-feeding  rates  between  these  species 
most  likely  reflects  differences  in  benefits  to 
male  fitness.  The  ability  to  maintain  high  lev- 
els of  nest  attentiveness  may  have  a great  ef- 
fect on  the  fitness  of  male  Bewick’s  Wrens 
because  House  Wrens  are  important  nest  pred- 
ators. In  contrast,  benefits  of  increased  nest 
attentiveness  to  the  fitness  of  male  House 
Wrens  may  be  outweighed  by  the  benefits  of 
participation  in  other  activities,  such  as  extra- 
pair copulations  and  polygamous  mating. 
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RED-COCKADED  WOODPECKER  NESTLING  PROVISIONING  AND 
REPRODUCTION  IN  TWO  DIEFERENT  PINE  HABITATS 

RICHARD  R.  SCHAEFER,'  2 RICHARD  N.  CONNER,'  D.  CRAIG  RUDOLPH,'  AND 

DANIEL  SAENZ' 


ABSTRACT. — We  obtained  nestling  provisioning  and  reproductive  data  from  24  Red-cockaded  Woodpecker 
(Picoides  borealis)  groups  occupying  two  different  pine  habitats — longleaf  pine  (Pinus  palustris)  and  a mixture 
of  loblolly  (P.  taeda)  and  shortleaf  pine  {P.  echinata) — in  eastern  Texas  during  1990  and  1991.  Habitat  data 
were  collected  within  800  m of  each  group’s  cavity-tree  cluster.  Feeding  trips  per  nest  and  prey  biomass  per 
feeding  trip  were  significantly  greater  in  loblolly-shortleaf  pine  habitat.  There  were  few  significant  correlations 
between  reproductive/provisioning  and  habitat  variables  in  either  pine  habitat.  Pines  dying  from  infestation  by 
southern  pine  beetles  (Dendroctonus  frontalis)  were  more  common  in  loblolly-shortleaf  than  in  longleaf  pine 
habitat.  In  addition,  adult  male  Red-cockaded  Woodpeckers  weighed  more  in  loblolly-shortleaf  pine  habitat. 
Indices  of  southern  pine  beetle  abundance  in  loblolly-shortleaf  pine  habitat  were  negatively  correlated  with 
number  of  feeding  trips  per  nestling,  but  positively  correlated  with  prey  biomass  delivered  to  nestlings.  We 
hypothesize  that  the  greater  abundance  of  southern  pine  beetles  and  associated  arthropods  in  loblolly-shortleaf 
pine  habitat,  and  the  resulting  higher  frequency  of  dying  pines  containing  an  abundant  food  source,  were  as- 
sociated with  an  elevated  prey  biomass  available  to  both  nestling  and  adult  Red-cockaded  Woodpeckers.  Received 
29  June  2003,  accepted  20  April  2004. 


The  Red-cockaded  Woodpecker  {Picoides 
borealis)  is  a cooperatively  breeding  species 
that  lives  in  family  groups  of  two  or  more 
individuals  (Ligon  1970,  Walters  et  al.  1988). 
Groups  include  a breeding  pair,  young  of  the 
year,  and  often  one  to  three  other  adults, 
which  serve  as  “helpers.”  Helpers  are  usually 
male  offspring  from  previous  nestings  and  as- 
sist the  breeding  pair  with  caring  for  nestlings 
(Ligon  1970,  Lennartz  and  Harlow  1979). 

I Red-cockaded  Woodpeckers  are  endangered 
' (U.S.  Department  of  Interior  1970)  and  inhab- 

it open,  mature  pine  (Pinus  spp.)  habitats  of 
the  southeastern  United  States.  Populations 
have  become  fragmented  and  isolated  due  to 
severe  habitat  alterations  (Costa  and  Escano 
1989,  Rudolph  and  Conner  1994).  Cutting  of 
\ old-growth  pine  forests  and  elimination  of  re- 
curring lire  across  most  of  the  woodpecker’s 
I range  are  major  causes  of  the  species’  decline 
j (Jackson  1971,  Lennartz  ct  al.  1983).  Histor- 
I ically,  fire  maintained  suitable  foraging  and 
, nesting  habitat.  Several  studies  have  reported 
j positive  indirect  effects  of  fire  on  Red-cock- 
I 

' ' Wildlife  Habitat  and  Silviculture  I.ab.  (in  cooper- 

' ation  with  the  Arthur  I’emple  C’ollege  of  lorestry,  Ste- 
phen F Austin  State  Univ.),  Southern  Research  Station, 
i USDA,  b'orest  Service,  .S06  Hayter  St.,  Nacogdoches. 
TX  7596,5,  USA. 

‘Corresponding  author;  e-mail: 
rschaeferO  I (?Ms.fed.us 


aded  Woodpecker  fitness  through  increased 
arthropod  abundance  (Provencher  et  al.  1998, 

2001) ,  increased  grass  and/or  forb  ground 
cover  (James  et  al.  1997),  and  reduced  hard- 
wood midstory  vegetation  (Walters  et  al. 

2002) . 

Red-cockaded  Woodpeckers  are  known  to 
select  larger  and  older  pines  as  foraging  sub- 
strates (Engstrom  and  Sanders  1997,  Zwicker 
and  Walters  1999,  Walters  et  al.  2002);  such 
pines  are  believed  to  support  more  arthropods 
(Hanula  et  al.  2000),  particularly  during  the 
breeding  season  (Conner  et  al.  2004).  Young 
pine  forests  may  offer  suboptimal  foraging 
habitat  by  providing  a reduced  prey  base,  es- 
pecially in  areas  surrounding  cavity  tree  clus- 
ters (stands  of  cavity  trees  occupied  by  Red- 
cockaded  Woodpecker  groups)  that  have  been 
clearcut  or  contain  dense  plantations  of  young 
(<30  years)  pines.  Foraging  and  provisioning 
of  nestlings  may  be  more  difficult  in  young 
pine  forests,  which  could  have  a negative  ef- 
fect on  the  survivorship  of  adults  and  nest- 
lings (Ligon  1970,  1971). 

Logically,  jney  availability  during  llie  nest- 
ing season  has  an  impact  on  Red-cockadcd 
Woodpecker  reproductive  success  and  adult 
nutrition,  rhere  is  little  information  regarding 
comparisons  of  arthropod  tiensities  and  bio- 
mass between  longleaf  pine  UJ'nus  palustris) 
and  loblolly-shortleaf  pine  (!\  taedti-P.  erlu'n- 
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ata)  habitats.  During  nesting  season,  differ- 
ences in  prey  availability  among  habitats 
dominated  by  different  pine  species  can  im- 
pact both  reproduction  and  adult  nutrition  of 
Red-cockaded  Woodpeckers. 

The  southern  pine  beetle  {Dendroctonus 
frontalis)  is  responsible  for  considerable  pine 
mortality,  especially  during  cyclic  epidemics 
(Conner  et  al.  2001).  Infestations  can  poten- 
tially destroy  Red-cockaded  Woodpecker  for- 
aging habitat  and  cavity  trees.  However,  dur- 
ing non-epidemic  beetle  years,  woodpeckers 
can  beneht  by  concentrating  foraging  activity 
on  dying  pines  that  provide  an  arthropod-rich 
food  source  (Hooper  and  Lennartz  1981, 
Schaefer  1996,  Bowman  et  al.  1997).  Such 
ephemeral  food  sources,  while  unpredictable, 
can  provide  nutritional  benefits  to  both  nest- 
lings and  adults. 

Our  objectives  were  to  ( 1 ) compare  repro- 
ductive and  provisioning  effort  in  longleaf 
pine  and  loblolly-shortleaf  pine  habitats,  (2) 
determine  whether  habitat  variation  affected 
reproduction  and  nestling  provisioning,  and 
(3)  use  body  mass  of  adults  to  assess  nutri- 
tional status  of  birds  in  longleaf  pine  and  lob- 
lolly-shortleaf pine  habitats. 

METHODS 

Study  areas. — We  collected  reproductive, 
nestling  provisioning,  and  vegetation  data  dur- 
ing the  1990  and  1991  nesting  seasons.  Study 
sites  were  on  the  Davy  Crockett  National  For- 
est (DCNF)  and  the  Angelina  National  Forest 
(ANF)  in  eastern  Texas  (see  Conner  and  Ru- 
dolph 1989  for  area  descriptions).  We  chose 
24  study  sites  (i.e.,  24  woodpecker  groups),  8 
at  DCNF  and  16  at  ANF.  Sites  were  selected 
based  on  the  dominant  pine  species;  1 1 sites 
were  located  in  longleaf  pine  and  13  were  lo- 
cated in  loblolly-shortleaf  pine  habitat. 

Reproduction  and  nestling  provisioning. — 
All  Red-cockaded  Woodpeckers  captured  at 
each  of  the  24  study  sites  were  banded  (U.S. 
Fish  and  Wildlife  Service  band  and  2-3  color 
bands)  for  individual  recognition.  Birds  were 
visually  identified  in  the  field  with  the  aid  of 
binoculars  and  a 20X  spotting  scope  mounted 
on  a tripod. 

Nest  monitoring  began  during  the  first  week 
of  April,  about  2 weeks  before  nesting  was 
expected  to  commence.  If  an  adult  occupied 
the  nest  cavity  when  checked,  the  tree  was 


climbed  using  sectional  aluminum  ladders; 
eggs  were  then  counted.  If  the  clutch  did  not 
appear  complete  (normally  two  to  four  eggs 
comprise  a complete  clutch),  it  was  checked 
again  in  a few  days.  When  nestlings  were  de- 
tected, the  nest  tree  was  again  climbed  and 
young  were  counted  and  aged  (Ligon  1971). 

Provisioning  data  were  collected  when  nest- 
lings were  8,  20,  and  23  days  of  age.  The  nest 
cavity  of  each  woodpecker  group  was  ob- 
served for  a 3-hr  period  in  the  morning,  be- 
ginning when  the  breeding  male  exited  the 
nest.  We  recorded  identity  of  the  adult  bring- 
ing food,  size  of  each  prey  item,  and  time  of 
each  feeding.  Prey  size  was  visually  estimated 
and  categorized  as  small,  medium,  or  large. 
An  item  was  considered  small  if  barely  visible 
in  the  adult’s  beak.  A medium-sized  item  was 
estimated  at  less  than  one-half  of  the  beak’s 
length.  A large  item  was  estimated  at  more 
than  one-half  of  the  beak’s  length.  We  assume 
that  any  bias  toward  larger  prey  inherent  in 
this  procedure  was  equal  among  the  two  pine 
habitats. 

We  attempted  to  obtain  a biomass  value  for 
each  size  category.  Since  it  was  not  possible 
to  collect  samples  of  prey  items  delivered  to 
nestlings,  we  collected  arthropods  similar  to 
those  observed  being  provided  in  both  pine 
habitats.  Samples  were  obtained  from  the 
boles  of  dead  loblolly  and  shortleaf  pines 
killed  by  southern  pine  beetles.  These  arthro- 
pods were  separated  into  small,  medium,  and 
large  size  categories  using  the  same  criteria 
used  during  provisioning  observations.  We 
collected  30  individuals  of  each  size  category, 
determined  wet  weight  (mg),  and  calculated 
average  weight  for  each  size  category.  Rela- 
tive values  for  prey  biomass  were  calculated 
using  the  mean  weight  of  each  size  category 
(small  = 1 1.3  mg,  medium  = 45.6  mg,  large 
= 197.4  mg). 

Vegetation  and  stand  area  measure- 
ments.— Habitat  data  were  collected  at  each 
study  site  within  an  800-m  radius  centered  on 
each  woodpecker  group’s  cluster  of  cavity 
trees.  Forest  compartment  stand  maps  were 
obtained  from  the  ANF  and  DCNF  district  of- 
fices for  those  compartments  falling  within  the 
800-m  radius.  Each  compartment  is  comprised 
of  forest  stands  of  varying  size.  Five  dominant 
or  codominant  pines  were  selected  within 
each  forest  stand  within  the  800-m  radius  by 
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choosing  the  nearest  tree  in  a random  direc- 
tion from  hve  arbitrary  points  well-dispersed 
within  the  stand.  Habitat  measurements  were 
taken  within  an  11.2-m  radius  (0. 04-ha  cir- 
cular plot)  centered  on  each  of  these  five  trees 
(Conner  1980),  and  means  were  used  to  char- 
acterize habitat  within  the  forest  stand. 

Stand  age  was  determined  by  coring  each 
central  tree  at  breast  height  (1.3  m)  with  an 
increment  borer  and  counting  growth  rings  of 
the  cores.  We  added  3 years  for  loblolly  pine 
and  shortleaf  pine,  and  5 years  for  longleaf 
pine  to  account  for  growth  to  breast  height 
(Conner  and  O’Halloran  1987).  Stands  were 
categorized  as  0-29,  30-49,  50-69,  70-89,  or 
>90  years  old.  Tree  diameter  (cm)  was  mea- 
sured at  breast  height  (dbh)  with  calipers  and 
categorized  as  0-30,  30.1-40,  40.1-50,  or 

50.1- 70  cm.  Surrounding  canopy  height  and 
midstory  height  (m)  were  measured  with  a 
range  finder.  Canopy  height  was  placed  into 
categories  of  0-12,  12.1-21,  21.1-27,  or 

27.1- 33  m. 

Midstory  density  was  visually  estimated 
and  placed  into  one  of  five  categories:  none, 
sparse,  moderate,  dense,  or  very  dense.  Mid- 
story conditions  were  considered  suitable  if 
height  was  <3  m regardless  of  density,  or  if 
density  was  none  to  sparse  regardless  of 
height.  A one-factor  metric  basal  area  prism 
was  used  to  measure  basal  area  (mVha)  of 
pine  overstory,  hardwood  overstory,  pine 
midstory,  and  hardwood  midstory.  Pine  and 
hardwood  overstory  basal  areas  were  placed 
into  categories  of  0-9,  9.1-15,  15.1-20,  20.1- 
25,  or  25.1-30  nT/ha.  Pine  and  hardwood 
midstory  basal  areas  were  categorized  as  0-3, 

3.1- 6,  6.1-9,  or  9.1-12  mVha.  The  area  (ha) 
of  each  forest  stand  within  800  m of  each  nest 
tree  was  measured  from  compartment  stand 
maps  with  a digitizer,  and  the  percentage  of 
area  occupied  by  each  habitat  category  cal- 
culated. 

Measurements  of  southern  pine  beetle 
abundance.  — Data  on  southern  pine  beetle 
abundance  during  1990  and  1991  were  ob- 
tained from  the  U.S.  l orest  Service  for  each 
forest  compartment  where  study  sites  were  lo- 
cated. All  other  causes  of  mature  pine  mor- 
tality were  assumed  to  be  ecpial  betweem  long- 
leaf  and  loblolly-shortleaf  pine  habitats.  I hree 
variables  were  used  as  indices  of  southern 
pine  beetle  abundance  in  comparing  beetle  ac- 


tivity in  longleaf  pine  versus  loblolly-shortleaf 
pine:  (1)  the  number  of  active  beetle  spots 
(one  or  more  contiguous  beetle-infested  trees), 
(2)  the  number  of  trees  infested  (dying  pines 
with  fading  or  red  needles,  and  all  or  most 
bark  remaining),  and  (3)  the  number  of  hect- 
ares affected  by  infestation.  A total  for  each 
variable  was  calculated  for  the  entire  forest 
compartment,  even  if  only  a portion  of  the 
compartment  fell  within  the  8()()-m  radius  cir- 
cle. 

Adult  Red-cockaded  Woodpecker  body 
mass. — Each  adult  woodpecker  was  weighed 
to  the  nearest  0.5  g with  a lOO-g  spring  scale. 
Body  mass  was  obtained  throughout  the  year, 
except  during  nesting;  each  bird  was  weighed 
once.  Birds  were  captured  either  in  the  morn- 
ing just  before  exiting  the  roost  cavity,  or  in 
the  evening  just  after  entering.  We  realize 
there  is  both  seasonal  and  temporal  (24-hr) 
variability  in  the  body  mass  of  a given  indi- 
vidual. For  each  of  the  two  pine  habitats,  body 
masses  were  pooled  by  sex. 

Data  analysis. — Data  were  analyzed  using 
SAS  (SAS  Institute,  Inc.  1988).  A significance 
level  of  P = 0.05  was  used  in  all  hypothesis 
testing.  In  tests  involving  habitat  variables, 
stands  0-29  years  old,  most  of  which  were 
clearcuts  and  young  pine  plantations,  were  not 
included  in  evaluations  of  available  foraging 
habitat  because  these  stands  are  considered 
unsuitable  for  Red-cockaded  Woodpecker  for- 
aging (U.S.  Fish  and  Wildlife  Service  2003). 
However,  the  0-29  year  stand  age  category  is 
included  for  comparative  purposes. 

The  24  Red-cockaded  Woodpecker  groups 
observed  produced  a total  of  37  successful 
(i.e.,  one  or  more  fiedglings)  nests  during  the 
two  nesting  seasons.  For  statistical  analyses,  a 
2-year  average  of  each  reproductive  variable 
was  used  for  each  group  to  avoid  a repealed 
measures  violation.  Comparisons  of  reproduc- 
tive variables  between  pine  habitats  using  re- 
pealed measures  analyses  were  not  possible 
because  of  instances  of  small  sample  sizes 
withiti  years  due  to  some  groujis  not  nesting 
for  various  reasons,  especially  in  longleaf  pine 
habitat. 

Pearson  correlation  coefficients  were  used 
to  explore  relationships  ol  reiirotlucliNc  and 
pro\isioning  variables  with  habitat  variables. 
Iwo-tailed  /-tests  were  used  to  com|-)are  re- 
produclive  pci  lormance  and  provisioning  ef- 
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fort  between  longleaf  and  loblolly-shortleaf 
pine.  A medium  effect  size  of  0.5  (Cohen 
1988)  was  used  in  power  analyses  for  statis- 
tically non-significant  variables. 

Two-way  ANOVAs  (pine  type  X habitat 
variable)  on  ranked  data  were  used  to  compare 
category  distribution  of  each  habitat  variable 
(tree  age,  diameter  at  breast  height,  canopy 
height,  suitable/unsuitable  midstory,  pine 
overstory  basal  area,  hardwood  overstory  bas- 
al area,  pine  midstory  basal  area,  and  hard- 
wood midstory  basal  area)  between  longleaf 
(/?  = 11)  and  loblolly-shortleaf  {n  ~ 13)  pine 
habitats.  If  the  interaction  indicated  different 
distributions  between  the  pine  habitats,  Wil- 
coxon  rank-sum  tests  were  used  for  each  hab- 
itat variable  category  to  test  for  differences 
between  longleaf  and  loblolly-shortleaf  pine. 

Two-tailed  Mests  were  used  to  compare 
southern  pine  beetle  abundance  and  body 
mass  of  adult  Red-cockaded  Woodpeckers  be- 
tween the  pine  habitats.  Pearson  correlation 
coefficients  were  used  to  examine  relation- 
ships between  southern  pine  beetle  abun- 
dance, and  provisioning  effort  and  reproduc- 
tive performance,  within  each  pine  habitat. 
Adult  male  body  mass,  including  that  of  both 
helpers  and  breeders,  was  treated  separately 
from  adult  female  body  mass  due  to  differing 
foraging  strategies  (Ligon  1968,  Hooper  and 
Lennartz  1981). 

RESULTS 

Nesting  ejfort  in  relation  to  pine  habitat.— 
During  the  two  nesting  seasons,  24  Red-cock- 
aded  Woodpecker  groups  had  a total  of  37 
successful  (i.e.,  one  or  more  fledglings)  nests. 
For  various  reasons,  not  all  groups  success- 
fully nested.  One  longleaf  clutch  was  depre- 
dated and  the  group  did  not  renest.  One  lob- 
lolly-shortleaf group  disappeared  altogether 
between  years.  Eggs  at  three  nests  failed  to 
hatch  (one  in  longleaf,  two  in  loblolly-short- 
leaf). Breeding  pairs  at  five  longleaf  sites  ap- 
peared to  forgo  nesting  during  1 of  the  2 
years.  Although  unlikely,  some  clutches  may 
have  been  initiated  and  then  depredated  im- 
mediately before  we  detected  them.  If  so,  the 
birds  did  not  appear  to  renest. 

Twelve  (80%)  of  15  successful  nests  in 
longleaf  pine  habitat  lacked  helpers,  and  only 
one  helper  was  present  at  the  remaining  3 
(20%)  nests.  Eleven  (50%)  of  22  successful 


nests  in  loblolly-shortleaf  pine  habitat  lacked 
helpers.  Of  the  remaining  11  nests,  10  (45%) 
had  one  helper  and  1 (5%)  had  two  helpers 
(one  male  and  one  female).  For  all  24  groups 
(2  years  combined)  the  average  number  of 
helpers  per  group  was  0.4. 

During  the  two  nesting  seasons,  17  clutches 
were  produced  in  longleaf  pine  and  24  in  lob- 
lolly-shortleaf pine.  Clutch  size  was  not  re- 
corded in  two  instances,  once  in  each  habitat. 
The  remaining  16  longleaf  nests  produced  a 
total  of  51  eggs  {x  = 3.19  eggs/clutch),  and 
23  loblolly-shortleaf  nests  produced  a total  of 
78  eggs  {x  = 3.39  eggs/clutch).  Hatching  suc- 
cess based  on  clutch  size  was  75%  in  longleaf 
pine  and  87.3%  in  loblolly-shortleaf.  Hatching 
success,  as  measured  by  the  number  of  nest- 
lings hatched  from  eggs  surviving  through  the 
incubation  period,  was  85.7%  (36  nestlings 
from  42  eggs;  /?  = 13  nests)  in  longleaf  habitat 
and  89.9%  (62  nestlings  from  69  eggs;  n = 
20  nests)  in  loblolly-shortleaf  habitat.  Two 
clutches  in  each  pine  habitat  failed  to  hatch, 
leaving  a total  of  15  and  22  broods  produced 
in  longleaf  and  loblolly-shortleaf,  respective- 
ly. The  15  broods  in  longleaf  produced  24 
fledglings  (T  = 1.60  fledglings/nest),  and  the 
22  in  loblolly-shortleaf  produced  42  fledglings 
(T  = 1.91  fledglings/nest).  The  initial  number 
of  nestlings  could  not  be  counted  for  two 
broods  in  each  pine  habitat.  Fledging  success 
subsequent  to  hatching  was  55.6%  for  the  re- 
maining 13  broods  in  longleaf,  and  62.9%  for 
the  remaining  20  broods  in  loblolly-shortleaf 
habitat. 

Considering  only  woodpecker  groups  that 
produced  one  or  more  fledglings,  all  nest  pro- 
ductivity measures  (with  the  exception  of  par- 
tial brood  loss)  and  number  of  adults  were 
slightly  higher  in  loblolly-shortleaf  than  in 
longleaf  pine  habitat;  only  feeding  trips  per 
nest  and  prey  biomass  per  feeding  trip  were 
statistically  greater  (Table  1).  Power  analyses 
revealed  that  sample  sizes  in  each  pine  habitat 
were  too  small  to  detect  biological  signifi- 
cance (medium  size  effect  of  0.5,  power  = 
0.2)  for  statistically  non-significant  variables. 

A two-way  ANOVA  was  calculated  to  eval- 
uate the  contribution  of  group  size  to  the  num- 
ber of  feeding  trips  to  nests  in  loblolly-short- 
leaf and  longleaf  pine  habitats.  There  was  no 
significant  interaction  (F2  i6  = 0.43,  P — 0.66) 
between  group  size  and  pine  habitat  in  relation 
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TABLE  1.  Red-cockaded  Woodpecker  nesting  effort  (mean  : 
shortleaf  {n  = 13)  pine  habitats  in  eastern  Texas  during  1990  and  1 

t SD)  in  longleaf  (n  = 
1991."’ 

10)*"  and  loblolly- 

Nesting  variable 

Longleaf 

Loblolly-shortleaf 

t 

p 

Group  size 

2.3  ± 0.4 

2.5 

± 0.5 

1.43 

0.17 

Clutch  size 

3.3  ± 0.6 

3.5 

± 0.5 

0.91 

0.37 

Initial  brood  size^ 

2.9  ± 0.7 

3.0 

± 0.6 

0.53 

0.61 

Brood  size'-’ 

1.7  ± 0.5 

2.0 

± 0.4 

1.68 

0.1  1 

Feedings  per  nesE 

31.4  ± 9.7 

43.3 

± 11.3 

2.66 

0.015 

Feedings  per  nestling"’ 

19.7  ± 7.1 

22.7 

± 5.4 

1.15 

0.26 

Prey  biomass  per  trip  (mg)"" 

73.2  ± 31.0 

1 16.7 

± 36.3 

3.03 

0.006 

Number  of  fledglings 

1.7  ± 0.5 

1.9 

± 0.4 

1.41 

0.17 

Partial  brood  loss‘s* 

0.3  ± 0.2 

0.2 

± 0.2 

0.59 

0.56 

“ Only  groups  that  produced  at  least  one  fledgling  are  included  in  these  analyses. 

Sample  size  = 10  because  one  longleaf  pine  group  did  not  produce  at  least  one  fledgling  during  either  year. 

The  total  number  of  nests  producing  fledglings  was  15  at  longleaf  pine  and  22  at  loblolly-shortleaf  pine  sites  over  the  two  nesting  seasons.  The  2 
years  were  averaged  for  each  nesting  variable,  for  each  group. 

Initial  brood  size  and  partial  brood  loss  are  each  unknown  in  one  instance  in  longleaf  pine  habitat.  Therefore  /z  = 9 in  longleaf  for  these  two  nesting 
variables. 

® Means  based  upon  observations  at  8,  20,  and  23  days  of  nestling  age  at  each  nest. 

Nestling  loss  between  hatching  and  day  8. 


to  the  number  of  feeding  trips  per  nest,  and 
group  size  alone  did  not  influence  {F^  k,  = 
0.41,  P = 0.75)  number  of  feeding  trips  per 
nest.  These  results  indicate  that  differences 
between  the  two  pine  habitats,  and  not  group 
size,  were  responsible  for  the  greater  number 
of  feeding  trips  made  to  nests  in  loblolly- 
shortleaf  pine  habitat. 

Mean  number  of  feeding  trips  per  nest  was 
significantly  greater  in  loblolly-shortleaf  pine 
habitat,  but  mean  number  of  feeding  trips  per 
nestling  was  similar,  indicating  that  individual 
nestlings  were  fed  at  about  the  same  frequen- 
cy in  both  pine  habitats  (Table  1 ).  However, 
average  prey  biomass  per  feeding  trip  was  sig- 
nificantly greater  in  loblolly-shortleaf  than  in 
longleaf  pine  (Table  1),  indicating  that  nest- 
lings in  the  former  received  more  food.  There 
were  few  significant  correlations  among  re- 
productive/provisioning variables  and  habitat 
variables  in  either  pine  habitat.  Of  note  was 
the  lack  of  significant  relationships  between 
any  of  the  habitat  variables  and  prey  biomass 
within  either  pine  habitat.  Thus,  the  habitat 
variables  we  measured  had  little  or  no  rela- 
tionship with  size  of  prey  items  delivered  to 
nestlings. 

Comparison  of  longleaf  and  lohloUy-short- 
leaf  pine  habitats. — I'he  percentage  of  area 
occupied  by  forest  stands  <30  years  old  was 
greater  in  loblolly-shortleaf  than  in  longleaf 
pine  habitat  (Z  = -3.22,  = O.OOl;  E'ig.  lA). 

This  was  the  result  of  extensive  clear-cutting 
that  occurred  during  the  1970s  and  1980s,  as 


well  as  southern  pine  beetle  control  cuts  in 
loblolly-shortleaf  pine  study  sites.  Cutting  sel- 
dom occurred  in  longleaf  pine  study  sites. 
Forest  stands  in  the  30-49  year  (Z  = 2.71,  P 
= 0.007)  and  50-69  year  (Z  = 2.12,  P 
0.034 ) age  categories  occupied  more  area  in 
longleaf  pine  habitat,  whereas  stands  in  the 
70-89  year  (Z  = —3.62,  P < 0.001)  age  cat- 
egory occupied  more  area  in  loblolly-shortleaf 
pine  habitat  (Fig.  lA).  There  was  no  differ- 
ence between  pine  habitats  in  the  percentage 
of  area  occupied  by  the  90-120  year  age  cat- 
egory (Z  - -1.50,  P = 0.13;  Fig.  lA).  This 
oldest  stand-age  category  constituted  only  a 
small  percentage  of  area  within  the  8()()-m  ra- 
dius in  both  pine  habitats. 

Loblolly-shortleaf  pine  contained  a higher 
frequency  of  stands  in  the  largest  dbh  cate- 
gory of  50.1-70  cm  (Z  = -2.78,  P = 0.006) 
and  highest  canopy  height  category  of  27.1- 
33  m (Z  = -3.72,  P < 0.001)  than  did  long- 
leaf pine  (Figs.  IB  and  1C).  Conversely,  the 
smaller  dbh  category  of  30.1-40  cm  (Z  = 
3.63,  P < 0.001)  and  shorter  canopy  height 
categories  of  12.1-21  m (Z  = 2.11.  = 

0.035)  and  21.1-27  m (Z  = 2.32,  P = 0.021) 
were  more  common  in  longleaf  pine  (lugs.  IB 
and  1C). 

Comparison  of  midstory  botvseen  pine  hab- 
itats revealed  that  the  percentage  of  area  \\  ith 
suitable  midstory  conditions  was  greater  in 
longleaf  pine  (Z  = 3.74,  P < 0.001)  aiul  the 
percentage  of  area  occupietl  by  unsuitable 
midstory  coiulitions  was  greater  in  loblolly- 
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EIG.  1.  Mean  percentage  of  area  within  800  m of  Red-cockaded  Woodpecker  ca\  ity-tree  clusters  occupied 
by  each  category  of  (A)  tree  age,  (B)  diameter  at  breast  height,  (C)  canopy  height,  and  (D)  midstory  in  longleaf 
pine  (n  = 11)  and  loblolly-shortleaf  pine  (n  = 13)  sites  in  eastern  Texas,  1990- 1991. 


shortleaf  pine  (Z  = -2.17,  P = ().()3();  Fig. 
ID).  When  habitat  of  all  ages  (i.e.,  including 
stands  <30  years  old)  within  800  m of  wood- 
pecker nest  trees  was  considered,  the  average 
percentage  of  area  with  unsuitable  midstory 
was  51%  for  longleaf  and  93%  for  loblolly- 
shortleaf  pine. 

Pine  overstory  basal  area  was  similar  be- 
tween pine  habitats  with  the  exception  of  the 
20.1—25  m^/ha  category,  which  occupied  a 
greater  percentage  of  area  in  longleaf  pine  (Z 
= 2.62,  P = 0.009;  Fig.  2A).  Trees  in  the  0- 
9 m-/ha  hardwood  overstory  basal  area  cate- 
gory occupied  a greater  percentage  of  area  in 
longleaf  than  in  loblolly-shortleaf  pine  (Z  — 
3.05,  P = 0.002).  Few  forest  stands  containing 
overstory  hardwoods  were  within  any  basal 
area  category  greater  than  0-9  m^/ha  in  either 
pine  habitat  (Fig.  2B). 

No  significant  differences  were  found  in 
any  pine  midstory  basal  area  category  be- 
tween the  two  pine  habitats  (F3  gg  ==  1.96,  P 


= 0.13;  Fig.  2C).  The  percentage  of  area  oc- 
cupied by  the  relatively  low  hardwood  mid- 
story basal  area  category  of  0-3  mVha  was 
greater  in  longleaf  pine  (Z  = 3.97,  P < 0.001 ). 
The  percentage  of  area  occupied  by  the  great- 
er hardwood  midstory  basal  area  categories  of 
3.1-6  nF/ha  (Z  = -2.89,  P = 0.004),  6.1-9 
m-/ha  (Z  = -2.13,  P = 0.033)  and  9.1-12  nW 
ha  (Z  = —1.96,  P = 0.050;  Fig.  2D)  were  all 
greater  in  loblolly-shortleaf  pine. 

Southern  pine  beetle  influence. — The  num- 
ber of  active  beetle  spots,  beetle-infested  trees, 
and  total  hectares  infested  with  beetles  were 
all  significantly  greater  in  loblolly-shortleaf 
pine  habitat  (Table  2).  At  loblolly-shortleaf 
nests  in  which  at  least  one  fledgling  was  pro- 
duced {n  — 22),  number  of  active  beetle  spots 
(r  = 0.48,  P = 0.022),  beetle  trees  (r  = 0.45, 
P = 0.036),  and  infested  hectares  {r  = 0.67, 
P < 0.001)  were  positively  conelated  with 
prey  biomass  delivered  to  nestlings.  Number 
of  beetle  spots  (a*  = —0.57,  P — 0.006),  beetle 
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PIG.  2.  Mean  percentage  of  area  within  800  in  of  Red-cockaded  Woodpecker  cavity-tree  clusters  occupied 
by  each  category  of  (A)  pine  overstory  basal  area,  (B)  hardwood  overstory  basal  area,  (C)  pine  midstory  basal 
area,  and  (D)  hardwood  midstory  basal  area  in  longleaf  pine  {n  = 11)  and  loblolly-shortleaf  pine  {n  = 13)  sites 
in  eastern  Texas,  1990-1991. 


trees  (r  = -0.60,  P = 0.003),  and  infested 
hectares  (r  = —0.51,  P — 0.016)  were  nega- 
tively correlated  with  number  of  feeding  trips 
per  nestling.  No  significant  correlations  were 
found  between  indices  of  beetle  abundance 
and  the  remaining  reproductive  and  provision- 
ing variables.  At  longleaf  nests  in  which  at 
least  one  fledgling  was  produced  (/?  = 15),  no 
significant  correlations  were  found  between 
indices  of  beetle  abundance  and  any  of  the 
reproductive  and  provisioning  variables. 

Adult  nutritional  status. — Body  mass  was 
used  to  compare  separately  the  nutritional  sta- 
tus of  adult  male  and  female  Red-cockaded 
Woodpeckers  in  longleaf  and  loblolly-short- 
Icaf  pine  habitats.  Body  mass  of  adult  males 
was  significantly  greater  (/  = —2.25,  = 

().()30)  in  loblolly-shortleaf  (.V  = 48.5  g ± 2.3 
vSD,  n = 27)  than  in  longleaf  pine  (.v  = 46.9 
g ± 2.7  SI),  n = 18).  Adult  females  averaged 
only  slightly  heav  ier  in  loblolly-shortleaf  (.v  = 
46.6  g ± 2.2  SI),  n = 17)  than  in  longleaf 


pine  (a'  = 45.3  g ± 2.0  SD,  n — 13),  and  the 
difference  was  not  statistically  significant  (/  == 
-1.59,  P = 0.12). 

DISCUSSION 

Canopy  trees  in  loblolly-shortleaf  pine  hab- 
itat were  generally  older,  taller,  and  larger  in 
diameter  than  in  longleaf  pine.  Suitable  mid- 
story conditions  for  Red-cockaded  Woodpeck- 
ers were  more  widespread  in  longleaf  than  in 
loblolly-shortleaf  pine.  .Soil-type  differences 
and  more  effective  prescribed  burning  in  long- 
leaf pine  areas  had  a strong  influence  on  dif- 
ferences in  midstory  condition  between  the 
two  pine  habitats  (Conner  and  Rudolph  1989). 
Red-cockaded  Woodpeckers  are  known  to 
have  an  aversion  to  a well-developed  stratum 
of  midstory  vegetation  associated  with  both 
nesting  (C'onner  and  Rudolph  1989,  Loch  et 
al.  1992)  and  foraging  habitat  (Rudolph  et  al. 
2002;  Walters  et  "al.  2()()(),  2002).  rhus.  it 
might  be  expected  that  nest  productivity  of 
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TABLE  2.  Southern  pine  beetle  abundance  (mean  ± 
25)  pine  sites  in  eastern  Texas  during  1990  and  1991.“ 

SD)  at  longleaf  {n 

= 22)  and  loblolly-shortleaf  {n  = 

Variable 

Longleaf 

Loblolly-shortleaf 

t 

p 

Number  of  beetle  spots 

0.32  ± 0.57 

2.80  ± 2.80 

4.33 

<0.001 

Number  of  infested  trees 

2.91  ± 5.13 

65.32  ± 65.58 

4.74 

<0.001 

Number  of  infested  hectares 

0.01  ± 0.04 

0.63  ± 0.80 

3.84 

<0.001 

The  2 years  were  not  combined  for  southern  pine  beetle  analyses  due  to  the  potential  for  substantial  year-to-year  changes  in  beetle  abundance  indices. 


woodpeckers  in  habitat  with  an  abundance  of 
midstory  vegetation  (i.e.,  loblolly-shortleaf 
pine)  would  be  lower  than  in  longleaf  pine. 

Despite  less  suitable  midstory  conditions  in 
loblolly-shortleaf  pine  habitat,  woodpecker 
groups  there  performed  at  least  as  well  repro- 
ductively  as  groups  in  longleaf  pine,  but  only 
feeding  trips  per  nest  and  relative  prey  bio- 
mass delivered  to  nestlings  were  significantly 
greater  in  the  former.  Our  sample  sizes  were 
too  small  to  detect  biologically  significant  dif- 
ferences between  pine  habitats  for  the  remain- 
ing reproductive  and  provisioning  variables. 

Helpers  were  more  common  in  loblolly- 
shortleaf  groups,  but  only  once  was  there  >1 
per  group.  Other  studies  indicate  that  groups 
with  helpers  fledge  significantly  more  young 
than  groups  without  helpers  (Lennartz  et  al. 
1987,  Walters  1990).  In  this  study,  increased 
group  size  did  not  significantly  influence  the 
number  of  feeding  trips  per  nest  even  though 
helpers  assisted  with  nestling  provisioning. 
However,  helpers  may  enhance  reproductive 
success  by  assisting  with  incubation,  brooding 
and  feeding  nestlings,  territory  defense,  and 
defense  against  predators. 

The  relative  biomass  of  arthropod  prey  de- 
livered to  nestlings  was  significantly  greater 
in  loblolly-shortleaf  than  longleaf  pine  habitat. 
At  those  loblolly-shortleaf  sites  where  south- 
ern pine  beetles  were  more  abundant,  adult 
Red-cockaded  Woodpeckers  made  fewer  feed- 
ing trips  per  nestling  but  delivered  larger  prey 
items.  Access  to  larger  prey  items  may  benefit 
adults  by  reducing  nestling  provisioning  ef- 
fort. 

The  smallest  mean  for  provisioned  biomass 
per  feeding  trip  (76.9  mg)  for  any  nest  in  lob- 
lolly-shortleaf habitat  was  greater  than  that  for 
9 of  the  15  nests  in  longleaf  habitat.  We  know 
from  field  observations  that  adults  from  at 
least  three  of  the  six  nests  in  longleaf  habitat 
with  large  values  for  mean  prey  biomass  per 


feeding  trip  had  access  to  one  or  more  (exact 
number  unknown)  nearby  dying  pines.  These 
trees  were  often  loblolly  pines  located  on  wet- 
ter sites  (i.e.,  streams  or  baygalls)  within  long- 
leaf pine  habitat,  and  were  dying  from  either 
lightning  strikes  or  southern  pine  beetle  infes- 
tations. During  provisioning  observations,  we 
noticed  adults  spending  considerable  time 
traveling  between  the  direction  of  the  dying 
pines  and  the  nest.  Thus,  the  high  values  of 
biomass  provisioned  to  nestlings  appear  to  be 
at  least  partially  dependent  on  the  local  avail- 
ability of  dying  pines  that  have  an  abundant 
supply  of  arthropod  prey.  A great  number  of 
arthropod  species  are  attracted  to  such  dying 
pines,  which  provide  an  abundance  of  food  for 
Red-cockaded  Woodpeckers  (Ligon  1968, 
Hooper  and  Lennartz  1981,  Conner  et  al. 
2001). 

Adult  and  larval  southern  pine  beetles  are 
fairly  small  prey  items  for  Red-cockaded 
Woodpeckers.  However,  the  adults  and  larvae 
of  larger  wood  boring  beetles  (e.g.,  Ceram- 
bycidae  and  Buprestidae),  which  are  attracted 
to  pines  infested  by  southern  pine  beetles,  pro- 
vide much  larger  prey  items  for  foraging 
woodpeckers.  Red-cockaded  Woodpeckers 
have  been  observed  to  forage  for  as  long  as 
55  min  on  small  groups  of  dying  pines  in- 
fested with  arthropods  before  moving  on  to  a 
healthy  tree  (Schaefer  1996).  Dying  pines  pro- 
vide an  important  food  source  for  Red-cock- 
aded Woodpeckers  throughout  the  year,  par- 
ticularly during  the  nesting  season  when 
young  woodpeckers  are  being  fed. 

We  suggest  that  the  greater  abundance  of 
southern  pine  beetles  in  loblolly-shortleaf  pine 
habitat  and  the  resulting  higher  frequency  of 
dying  pines  containing  a diverse  and  abundant 
arthropod  community  are  associated  with  el- 
evated prey  biomass.  Dying  pines  were  com- 
paratively rare  in  longleaf  pine  habitat  be- 
cause this  species  is  more  resistant  to  southern 
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pine  beetle  infestation;  this  is  due  to  its  ability 
to  produce  copious  amounts  of  resin  and  to 
the  different  physical  properties  of  its  resin 
(Hodges  et  al.  1979).  Increased  prey  avail- 
ability, in  terms  of  biomass,  is  one  indication 
of  increased  territory  quality.  Thus,  the  quality 
of  foraging  habitat  at  our  loblolly-shortleaf 
pine  study  sites  was  greater  than  that  at  long- 
leaf  pine  sites.  That  adult  male  Red-cockaded 
Woodpeckers  weighed  more  in  loblolly-short- 
leaf pine  habitat  suggests,  at  least  in  eastern 
Texas,  that  they  are  nutritionally  more  fit  than 
I those  in  longleaf  pine  habitat. 

The  abundant  food  source  available  to  Red- 
I cockaded  Woodpeckers  in  dying  pines  is  tran- 
I sient.  During  epidemic  years  southern  pine 
beetles  can  devastate  large  areas  of  pine  for- 
est, including  Red-cockaded  Woodpecker  for- 
aging habitat  and  entire  cavity-tree  clusters. 

! However,  during  non-epidemic  years,  when 
southern  pine  beetle  attacks  are  confined  to 
single  trees  or  small  groups  of  pines,  prey 
j availability  may  increase  for  Red-cockaded 
' Woodpeckers.  Territory  quality  influenced  by 
! the  presence  of  ephemeral  southern  pine  bee- 
j tie  infestations  will  fluctuate  and  can  be  un- 
, predictable. 
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EFFECTS  OF  NEST  PREDATION  AND  BROOD  PARASITISM 
ON  POPULATION  VIABILITY  OF  WILSON’S  WARBLERS 
IN  COASTAL  CALIFORNIA 


JENNIFER  C.  MICHAUD,'-’  THOMAS  GARDALE^-* *  NADAV  NUR,^  AND 

DEREK  J.  GIRMAN' 

ABSTRACT. — We  studied  the  consequences  of  nest  predation  and  brood  parasitism  on  a population  of  Wil- 
son’s Warblers  {Wilsonia  pusilla)  breeding  in  coastal  riparian  woodlands  in  northern  California.  We  monitored 
90  warbler  nests  from  1997  to  2000;  only  16  of  these  produced  Wilson’s  Warbler  young.  Of  74  failed  nests, 
73%  (54/74)  failed  due  to  nest  predation.  Overall,  33%  (30/90)  of  the  nests  were  parasitized  by  Brown-headed 
Cowbirds  {Molothrus  ater).  Nest  success,  as  calculated  by  the  Mayheld  method,  was  0.085  and  notably  lower 
than  values  reported  for  other  warbler  species.  We  used  a simple  demographic  population  model — under  sce- 
narios of  high,  average,  and  low  productivity  and  survival — to  evaluate  the  viability  of  this  population  and  found 
it  to  be  at  risk  of  local  extirpation  without  immigration.  This  was  due  to  the  combined  effects  of  high  levels  of 
nest  predation  and  the  impacts  of  brood  parasitism.  Received  16  June  2003,  accepted  6 April  2004. 


Across  their  range,  breeding  populations  of 
Wilson’s  Warbler  {Wilsonia  pusilla)  have  been 
declining  at  both  regional  and  local  scales 
over  the  past  few  decades  (Ammon  and  Gil- 
bert 1999,  Sauer  et  al.  2001).  According  to 
Breeding  Bird  Survey  data,  Wilson’s  Warblers 
across  the  North  American  continent  have 
been  declining  on  average  2.0%  per  year  dur- 
ing the  period  1980  to  2000,  and  populations 
along  the  Pacihc  coast  have  been  declining  on 
average  1.8%  per  year  over  the  same  time  pe- 
riod (Sauer  et  al.  2001 ).  In  contrast,  data  from 
a single  site  in  coastal  California  indicate  that 
the  breeding  population  there  is  stable  (Chase 
et  al.  1997). 

Population  declines  in  breeding  songbirds 
have  been  attributed  to  a variety  of  factors, 
including,  but  not  limited  to,  loss,  degrada- 
tion, and  fragmentation  of  habitat  and  asso- 
ciated factors  that  affect  reproductive  success 
and  survival.  There  is  evidence  that  the  Wil- 
son’s Warbler  population  in  coastal  California 
is  regulated  primarily  by  breeding  productiv- 
ity (Chase  et  al.  1997);  however,  the  factors 
that  limit  productivity  are  unknown.  The  lead- 
ing causes  of  low  reproductive  success  in 
songbirds  are  nest  predation  by  vertebrate 
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predators  and  brood  parasitism  by  Brown- 
headed Cowbirds  {Molothrus  ater,  Britting- 
ham  and  Temple  1983;  Martin  1992a,  1992b). 
High  levels  of  nest  predation  and  brood  par- 
asitism have  been  implicated  in  the  decline  of 
many  songbird  populations  by  directly  affect- 
ing productivity  and,  ultimately,  population 
dynamics  (e.g..  Pease  and  Grzybowski  1995). 

While  there  have  been  few  studies  pub- 
lished documenting  the  breeding  ecology  and 
life  history  characteristics  of  western  popula- 
tions of  Wilson’s  Warbler  (Stewart  1973, 
Stewart  et  al.  1977,  Ammon  and  Gilbert 
1999),  little  work  has  been  done  to  explore 
causes  of  recent  declines  and,  more  specifi- 
cally, factors  limiting  reproductive  success. 
Population  declines  in  the  past  have  been  at- 
tributed to  loss  and  degradation  of  riparian 
breeding  habitat  (Ammon  and  Gilbert  1999). 
However,  few  estimates  of  reproductive  suc- 
cess exist  and,  to  our  knowledge,  no  Mayfield 
( 1975)  estimates  of  nest  success  have  been  re- 
ported. There  are  even  fewer  accounts  of  cow- 
bird  parasitism  and  its  effects  on  reproductive 
success  of  Wilson's  Warblers. 

In  this  study,  we  report  on  the  breeding  bi- 
ology and  population  viability  of  a coastal 
population  of  Wilson's  Warblers  breeding  in 
Marin  County,  C'alifornia.  Our  objectiNcs 
were  to  ( I ) examine  the  effects  of  cowbird 
parasitism  and  nest  predation  on  warbler  re- 
productive success,  and  (2)  (.Icxelop  a simple 
demographic  population  model  to  assess  the 
viability  of  this  local  population. 
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METHODS 

Study  areas. — Our  study  was  conducted  in 
the  Golden  Gate  National  Recreation  Area 
(GGNRA)  in  coastal  Marin  County,  Califor- 
nia, just  north  of  the  San  Francisco  Bay  area. 
Fieldwork  occurred  from  mid-April  to  early 
August  1997  to  2000  along  two  riparian 
woodlands,  Fagunitas  Creek  (38°  02'  N,  122° 
45'  W)  and  Redwood  Creek  (37°  51'  N,  122° 
34'  W).  The  Fagunitas  Creek  site  contained 
two  plots  and  the  Redwood  Creek  site  three, 
including  Muir  Beach.  Nest  monitoring  at 
Muir  Beach  was  conducted  only  from  1997  to 
1999.  Each  study  plot  was  approximately  3.6 
ha  in  size. 

All  study  sites  were  similar  in  vegetation 
type  and  typical  of  riparian  communities  in 
the  sun'ounding  area.  Red  alder  {Alnus  rubra) 
and  willow  (Sali.x  spp.)  dominated  the  sites 
with  lesser  amounts  of  box  elder  {Acer  ne- 
guudo),  California  bay  (Umbellularia  califor- 
nica),  California  buckeye  (Aesculus  califor- 
nica),  and  coast  live  oak  (Quercus  agrifolia). 
Understory  species  consisted  primarily  of  Cal- 
ifornia blackberry  {Rubus  ursinus),  Himilayan 
blackberry  (R.  discolor),  poison  oak  {Toxico- 
dendron diversilobum),  and  fern  species. 

The  areas  surrounding  the  study  sites  were 
largely  oak-bay  woodlands  and  coastal  scrub. 
At  Fagunitas  Creek,  there  was  light  livestock 
grazing  in  fields  adjacent  to  the  creek  and  our 
plots.  We  chose  to  treat  the  Muir  Beach  plot 
separately  (even  though  it  is  part  of  Redwood 
Creek)  because  (1)  it  is  divided  by  a road;  (2) 
there  is  a residential  community  (—150 
homes),  small  horse  stable,  and  a tavern  im- 
mediately adjacent;  (3)  there  is  a public  picnic 
area  and  175-car  parking  lot  within  and  ad- 
jacent; (4)  it  is  a heavily  used  recreational  area 
with  over  400,000  visitors  per  year  (National 
Park  Service  unpubl.  data);  and  (5)  it  is  the 
only  plot  where  unsupervised  domestic  dogs 
{Can is  doniesticus)  and  cats  {Felis  domes ti- 
cus)  were  seen. 

Nest  searching  and  monitoring. — Wilson’s 
Warbler  nests  were  located  and  monitored  us- 
ing guidelines  described  by  Martin  and  Geu- 
pel  (1993).  We  located  nests  by  observing  pa- 
rental behavior  and  systematically  searching 
the  vegetation.  Nests  were  monitored  every  1— 
4 days  until  nest  failure  or  fledging.  A nest 
was  considered  successful  if  it  fledged  at  least 


one  warbler  young.  Fledging  was  assigned 
based  on  the  condition  of  the  nest  (e.g.,  matted 
rim  and/or  fecal  matter  and  no  signs  of  dep- 
redation, stage  of  the  nesting  cycle),  and/or 
evidence  of  fledglings  within  close  proximity 
of  the  nest  near  the  expected  fledging  date.  We 
considered  a nest  to  have  failed  if  it  was  aban- 
doned or  depredated  (disappearance  of  nest 
contents)  prior  to  the  expected  fledging  date. 

Nests  were  considered  parasitized  if  at  any 
stage  in  the  nesting  cycle  they  contained  a 
cowbird  egg  or  nestling.  We  considered  nests 
to  have  failed  from  cowbird  parasitism  if  only 
cowbird  eggs  or  nestlings  were  observed  in 
the  nest  during  all  observations,  nests  were 
abandoned  during  egg  laying  and  cowbird 
eggs  were  present,  or  if  only  cowbird  eggs  or 
nestlings  were  present  in  the  nest  after  warbler 
eggs  or  young  were  observed.  Parasitized 
nests  were  considered  successful  if  warbler 
young  fledged  from  the  nest. 

Reproductive  success. — Nest  survival  prob- 
abilities were  calculated  using  the  Mayfield 
(1975)  method  with  the  standard  error  esti- 
mator developed  by  Johnson  (1979).  The 
Mayfield  method  is  based  on  nest  losses  di- 
vided by  the  total  number  of  days  nests  were 
observed  and,  thus,  at  risk  of  failure.  Survival 
probabilities  were  calculated  for  each  stage  of 
nesting  (egg  laying,  incubation,  and  nestling) 
and  for  the  entire  nesting  period.  Estimates 
were  based  on  a 26-day  nesting  period  (4  egg- 
laying  days,  12  incubation  days,  and  10  nest- 
ling days)  as  determined  by  our  nest  monitor- 
ing data.  When  calculating  “exposure”  days 
(the  total  number  of  observation  days)  for 
nests  with  known  fates,  we  used  the  midpoint 
between  the  last  observed  active  date  and  the 
first  observed  inactive  date;  for  nests  with  un- 
known fates,  the  last  active  date  was  used  for 
counting  exposure  days  (Last-Active  B meth- 
od in  Manolis  et  al.  2000).  We  compared  dif- 
ferences in  nest  success  probabilities  among 
nesting  stages,  study  sites,  and  between  par- 
asitized and  unparasitized  nests  with  Program 
CONTRAST  (Sauer  and  Williams  1989). 

We  also  calculated  the  following  compo- 
nents of  reproductive  success:  clutch  size, 
clutch-initiation  date,  hatching  success,  nest- 
ling number,  fledging  success,  and  fledgling 
number.  These  were  calculated  for  both  cow- 
birds  and  warblers  separately,  with  the  excep- 
tion of  clutch  initiation.  Clutch  size  was  based 
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on  the  maximum  number  of  eggs  present 
throughout  egg  laying.  Clutch-initiation  dates 
were  estimated  based  on  the  first  egg  laid  for 
a nesting  attempt  or  backdated  to  calculate 
when  the  first  egg  was  laid.  Hatching  and 
fledging  success  were  defined  as  the  total 
number  of  nestlings  and  fledglings,  respec- 
tively, divided  by  clutch  size.  The  maximum 
number  of  young  observed  between  hatching 
and  fledging  was  the  nestling  number.  Fledg- 
ling number  was  based  on  the  number  of  nest- 
lings seen  during  the  last  nest  check  prior  to 
the  estimated  fledging  date  for  successful 
nests.  Comparisons  between  parasitized  and 
unparasitized  nests  were  made  for  all  com- 
ponents of  reproductive  success. 

Population  trajectory. — To  evaluate  popu- 
lation viability,  we  developed  a simple  de- 
mographic population  model  following  Pul- 
liam (1988)  and  Donovan  et  al.  (1995).  We 
calculated  lambda  (A.)  values  using  the  follow- 
ing equation: 

X = Pa  + PjB 

where  X is  the  finite  rate  of  increase.  Pa  rep- 
resents adult  survival,  Pj  represents  juvenile 
survival  from  fledging  to  the  first  breeding 
season,  and  B is  a measure  of  productivity 
representing  the  number  of  female  offspring 
produced  per  year.  This  last  component  is 
composed  of  three  sub-components:  the  num- 
ber of  nesting  attempts  X probability  a nesting 
attempt  is  successful  X number  of  female 
young  produced  per  successful  nest;  the  sec- 
ond sub-component  incorporates  our  Mayfield 
estimates  of  nest  success.  PjB  is  a measure  of 
recruitment  rate  based  on  the  number  of  new 
female  recruits  produced  per  year. 

Under  this  model,  which  calculates  a finite 
(annual)  rate  of  increase,  the  population  is 
considered  a sink  (X  < 1)  if  Juvenile  recruit- 
ment is  less  than  adult  mortality.  Conversely, 
if  juvenile  recruitment  (i.e.,  PjB)  is  greater 
than  adult  mortality  it  is  considered  a source 
(X  > 1 ),  and  if  the  two  are  equivalent  the  pop- 
ulation is  stable  (X  = 1;  Pulliam  1988).  For 
our  calculations,  we  used  = 0.503  (± 
0.035  SK,  95%  CT  = 0.435-0.571),  the  adult 
survival  estimate  from  coastal  Marin  County 
(Chase  et  al.  1997).  Because  direct  estimates 
of  juvenile  survival  arc  largely  unknown  (Gar- 
dali  et  al.  2003),  we  used  a conservative  es- 
timate of  juvenile  survival  and  assumed  it  was 


70%  that  of  adults  (0.352;  Powell  et  al.  1999, 
Perkins  and  Vickery  2001).  Based  on  our  field 
data,  the  number  of  female  offspring  per  suc- 
cessful nest  was  1.7.  The  formula  was  evalu- 
ated using  two,  three,  and  four  nesting  at- 
tempts due  to  the  variability  of  the  number  of 
nesting  attempts  per  season  across  the  war- 
blers’ range  (Ammon  and  Gilbert  1999).  Ad- 
ditionally, we  used  our  overall  nest  survival 
estimate  and  its  95%  confidence  interval,  and 
juvenile  and  adult  annual  survival  to  evaluate 
the  population  under  the  observed  average, 
best-,  and  worst-case  scenarios. 

Statistical  analysis. — Nominal  logistic  re- 
gression was  used  to  test  for  differences  in 
predation  and  parasitism  frequency  between 
sites  (Nur  et  al.  1999).  Comparisons  of  pre- 
dation rates  and  nest  abandonment  between 
parasitized  and  unparasitized  nests  were  made 
using  the  Pearson  chi-square  test.  We  used  or- 
dinal logistic  regression  to  determine  whether 
clutch  size,  hatching  success,  nestling  number, 
fledging  success,  and  fledgling  number  were 
significantly  different  between  parasitized  and 
unparasitized  nests.  Due  to  small  sample  size, 
data  were  combined  across  years  and  we  ex- 
cluded those  nests  that  were  abandoned  or 
depredated  prior  to  the  end  of  egg  laying  (// 
= 14).  All  statistical  analyses  were  performed 
using  JMP  software  (Sail  and  Lehman  1996) 
and  means  are  presented  as  ± SE. 

RESULTS 

We  located  and  monitored  90  Wilson's 
Warbler  nests  over  the  course  of  our  study. 
The  earliest  nest  initiation  date  (first  egg  laid) 
was  17  April,  and  the  last  was  10  July.  Most 
nests  (68%)  were  built  in  blackberry  shrubs. 
18%  in  ferns,  and  12%  in  eight  other  plant 
species.  Mean  nest  height  was  50.4  ± 2.5  cm. 
Only  16  nests  were  successful  (18%)  and  74 
(82%)  failed  to  produce  young  (Table  1). 

Causes  of  nest  failure. — Nest  predation  was 
responsible  for  more  nest  failures  than  failure 
caused  by  cowbird  parasitism,  73.0^/f  (54/74) 
versus  13.5%  (10/74),  respectively.  Of  54 
depredated  nests.  48  were  completely  depre- 
dated, resulting  in  the  loss  of  the  entire  eluteh 
or  brood,  and  6 were  partially  depretlaletl  and 
subsecjuently  abandoned,  fhe  remaining  nests 
were  abaiuloned  due  to  unknown  eauses  (// 

6),  failetl  due  to  weather  (//  3).  or  were 

aecidentally  destroyed  (//  1 ).  Of  the  10  nests 
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TABLE  1.  Nest  outcome  and  causes  of  failure  for 
Wilson’s  Warblers  breeding  in  coastal  Marin  County, 
California,  1997-2000.  BHCO  refers  to  Brown-headed 
Cowbird  parasitism. 


All 

nests 

Parasitized 

nests 

Unparasitized 

nests 

Nest  outcome 

Total  number  of  nests 

90 

30 

60 

Successful 

16 

1 

15 

Unsuccessful 

74 

29 

45 

Percent  successful 

18% 

3% 

25% 

Causes  of  nest  failure 

Depredated'’ 

54 

18 

36 

BHCO^ 

10 

10 

— 

Abandoned  (unknown) 

6 

— 

6 

Abandoned  (weather) 

3 

1 

2 

Abandoned  (other) 

1 

— 

1 

Nests  from  which  at  least  one  warbler  fledged. 

^ Includes  four  nest  failures  due  to  parasitism  and  subsequent  depreda- 
tion. 

Includes  four  nests  fledging  BHCO,  four  lost  to  predation,  and  two 
abandoned. 


that  failed  due  to  cowbird  parasitism,  four 
fledged  cowbird  young,  four  were  subsequent- 
ly depredated,  and  two  were  abandoned  (Table 
1). 

Nest  predation  differed  among  sites  for  all 
years  combined  (x^  6.58,  df  = 2,  P - 

0.043).  Predation  rates  were  highest  at  Muir 
Beach  (91.7%),  and  lower  at  Lagunitas  Creek 
(54.5%)  and  Redwood  Creek  (61.8%;  Table 
2).  The  frequency  of  predation  did  not  differ 
between  parasitized  (73%)  and  unparasitized 
(60%)  nests  (x^  = 1.55,  df  = 1,  P = 0.21). 
Likewise,  there  was  no  difference  in  the  fre- 
quency of  nest  abandonment  for  parasitized 
(25%)  and  unparasitized  (75%)  nests  (x^  = 
0.27,  df  = 1,  P = 0.60). 

Brood  parasitism. — Cowbirds  parasitized 


TABLE  2.  Erequency  of  nest  predation  and  cow- 
bird parasitism  observed  in  Wilson’s  Warblers  at  three 
sites  in  coastal  Marin  County,  California,  1997-2000. 


Ne.st 

predation 

Parasitism 

Site 

% 

n 

% 

n 

Lagunitas  Creek  {n  = 

44) 

54.5 

24 

25.0 

1 1 

Muir  Beach  {n  = 12) 

91.7 

1 1 

83.3 

10 

Redwood  Creek  {n  = 

34) 

61.8 

21 

26.5 

9 

All  sites  in  — 90) 

62.2 

56 

33.3 

30 

33.3%  (30/90)  of  all  nests,  3%  (1/30)  of  which 
were  successful,  as  compared  to  25%  (15/60) 
of  unparasitized  nests.  The  frequency  of  par- 
asitism (all  years  combined)  was  greater  at 
Muir  Beach  (83.3%)  than  at  Lagunitas  Creek 
(25.0%)  and  Redwood  Creek  (26.5%;  x^  ^ 
14.97,  df  = 2,  P < 0.001;  Table  2).  Of  the  30 
parasitized  nests,  26  contained  one  cowbird 
egg  and  4 had  two  cowbird  eggs.  The  mean 
number  of  cowbird  eggs  and  nestlings  per  par- 
asitized nest  was  1.16  ± 0.07  and  0.77  ± 0.12, 
respectively  (Table  3).  At  least  one  cowbird 
fledged  from  each  of  four  parasitized  nests, 
and  two  cowbirds  fledged  from  one  nest,  for 
an  overall  mean  of  0.22  ± 0.10  cowbirds 
fledged  per  parasitized  nest  (Table  3).  Warbler 
young  fledged  from  only  one  parasitized  nest. 
An  inactive  nest  was  parasitized  after  being 
depredated. 

Clutches  in  parasitized  nests  contained  few- 
er warbler  eggs  (1.52  fewer)  than  unparasit- 
ized nests  (x^  = 43.13,  df  = 1,  P < 0.001; 
Table  3).  Moreover,  the  percent  of  warbler 
eggs  that  hatched  was  lower  in  parasitized 
nests  (35.7%)  than  in  unparasitized  nests 
(63.8%;  x'  = 5.55,  df  = 1,  P = 0.019;  Table 
3)  and  we  found  fewer  warbler  nestlings  in 


TABLE  3.  Eive  estimates  of  reproductive  success  for  parasitized  and  unparasitized  Wilson’s  Warbler  nests 
(mean  ± SE),  coastal  Marin  County,  California,  1997-2000. 


Wilson’s  Warbler 


Parasitized 

nests 

Unparasitized 

nests 

Combined 

Cowbird 

Clutch  size 

1.96  ± 0.16 

3.48  ±0.12 

2.92  ±0.13 

1.16  ± 0.07 

Hatching  success'’ 

0.36  ± 0.09 

0.64  ± 0.07 

0.53  ± 0.06 

0.64  ± 0.09 

Number  of  nestlings 

0.71  ± 0.19 

2.31  ± 0.26 

1.72  ± 0.20 

0.77  ± 0.12 

Fledging  success'’ 

0.04  ± 0.04 

0.28  ± 0.06 

0.19  ± 0.04 

0.18  ± 0.08 

Number  of  fledglings 

0.1 1 ± 0.1 1 

1.06  ± 0.25 

0.71  ± 0.17 

0.22  ± 0.10 

^ Hatching  success:  total  number  of  nestlings/clutch  size. 
Fledging  success:  total  number  of  fledglings/clutch  size. 
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TABLE  4.  Daily  survival  and  total  nest  success  (Mayfield  1975)  for  Wilson’s  Warblers  breeding  in  riparian 
woodlands,  coastal  Marin  County,  California,  1997-2000. 


Number  of  Exposure  Daily  survival  Nest  success 

nests  days  Losses  (SE,  95%  Cl)  (95%  Cl) 

Lagunitas  Creek  44  436  30  0.931(0.012,0.907-0.955)  0.157  (0.080-0.302) 

Muir  Beach  12  95  12  0.874  (0.034,0.807-0.940)  0.030  (0.004-0.203) 

Redwood  Creek  34  219  24  0.890(0.021,0.859-0.932)  0.049  (0.014-0.159) 

All  sites  90  731  66  0.910  (0.011,0.889-0.930)  0.085  (0.047-0.154) 


parasitized  nests  (x^  = 14.76,  df  = 1,  P = 
0.001).  Similarly,  fledging  success  differed 
between  parasitized  (3.6%)  and  unparasitized 
(27.6%)  nests  (x^  = 8.79,  df  = P = 0.003; 
Table  3)  and  parasitized  nests  fledged  fewer 
warbler  young  than  unparasitized  nests  (x^  = 
9.27,  df  = 1,  = 0.002).  Parasitized  and  un- 

parasitized nests  averaged  0.71  ± 0.19  and 
2.31  ± 0.26  nestlings,  respectively. 

Daily  sunnval  and  nest  success. — The  May- 
field  (1975)  estimate  of  nest  success  was  8.5% 
(95%  Cl  = 0.047-0.154;  Table  4).  Differences 
among  sites  in  daily  survival  rates  were  mar- 
ginally significant  (x^  = 4.72,  df  = 2,  P = 
0.094;  Table  4).  Daily  survival  rates  of  para- 
sitized and  unparasitized  nests  did  not  differ 
(X^  = 1.54,  df  = \,  P = 0.21).  Daily  survival 
was  lowest  during  the  nestling  stage  (0.87  ± 
0.022),  and  slightly  greater  during  egg  laying 
(0.93  ± 0.023)  and  incubation  (0.93  ± 0.013; 
X^  = 5.88,  df  - 2,  P = 0.053). 

Population  trajectory. — The  demographic 
population  model  suggests  that  this  population 
of  Wilson’s  Warbler  is  not  self-sustaining  in 
the  absence  of  immigration  from  other  popu- 
lations. We  used  a value  of  1 .7  female  off- 
spring per  successful  nest  (based  on  our  held 


data)  and  evaluated  the  model  under  a variety 
of  scenarios.  Using  conservative  estimates  of 
survival  and  productivity  and  two  nesting  at- 
tempts, X = 0.46  (Table  5).  When  intermediate 
estimates  of  survival  and  productivity  for 
birds  attempting  three  nests  per  season  were 
used,  X = 0.62  (Table  5).  Under  the  best-case 
scenario  (high  survival  and  productivity,  four 
nesting  attempts  per  season),  X = 0.98  and 
approaches  the  value  ( 1 ) required  for  a stable 
population. 

DISCUSSION 

Nest  success  in  this  study  was  extremely 
low.  The  proportion  of  successful  nests  (0.18) 
was  slightly  greater  than  that  reported  from 
inner-coastal  California  (0.16)  and  far  lower 
than  eight  other  estimates  (0.33-0.93;  sum- 
marized by  Ammon  and  Gilbert  1999). 

Since  no  Mayfield  (1975)  estimates  of  nest 
survival  exist  for  the  Wilson’s  Warbler,  we 
were  unable  to  compare  our  survival  estimates 
to  those  of  previous  studies.  While  estimates 
of  nest  success  may  be  variable  across  habitat 
types,  years,  and  between  species,  our  esti- 
mates were  notably  lower  than  those  reported 
for  other  warbler  species.  For  example,  May- 


TABLE  5.  Lambda  values  (finite  rate  of  increase)  for  population  models  using  mean  and  959f  confidence 
intervals  for  survival  and  productivity  (i.e.,  low,  mean,  and  high  productivity  and  survival)  with  two.  three,  and 
four  nesting  attempts  for  Wilson’s  Warbler,  coastal  Marin  County,  California,  1 997-2()0().  Number  of  female 
offspring/successful  nest  set  at  1.7  (see  text). 


Number  of  nesting 
attempts 

Lev 

kv  productivity* 
(lower  Cl) 

Mean  productivity*’ 

High  productivity 
(upper  Cl  1 

2 

5 

4 

2 

?. 

4 

2 

5 

4 

Low  survival  (lower  Cl) 

0.46 

0.47 

0.49 

0.50 

0.53 

0.57 

0.59 

0.67 

0.75 

Mean  survival' 

0.53 

0.55 

0.56 

0.58 

0.62 

0.66 

0.68 

0.77 

0.87 

High  survival'  (upper  Cl) 

0.60 

0.62 

0.64 

0.66 

0.70 

0.75 

0.78 

0.88 

0.98 

“ I.ow  proiluclivity:  Mayfield  success  (1.047. 

^ Mean  productivity;  Mayfield  success  0 ()S5 

' High  proiluctivity:  Mayfield  success;  0 154 

'•*  Adult  survival  - ().4,L5.  )uvende  survival  0..105. 

Adult  survival  - 0.50.L  juvenile  surv ival  0 .tSJ? 

• Adult  survival  ^ 0.571.  juvenile  survival  0 4(K) 


46 


THE  WILSON  BULLETIN  • Vol.  1 16,  No.  I,  March  2004 


field  (1975)  estimates  for  the  Worm-eating 
Warbler  {Helmitheros  vennivorus)  range  from 
0.37  to  0.50  in  Virginia  (Dececco  et  al.  2000), 
0.44  for  the  Hooded  Warbler  (Wilsonia  citri- 
mi)  in  South  Carolina  (Moorman  et  al.  2002), 
and  0.50  for  Orange-crowned  Warbler  {Ver- 
mivora  celata)  and  0.58  for  Virginia’s  Warbler 
(V.  virginiae)  in  Arizona  (Martin  1992a).  The 
lowest  estimate  for  any  warbler  (summarized 
by  Martin  1992a)  is  0.20  for  the  Kirtland’s 
Warbler  (Dendroica  kirtlandii). 

Predation  appeared  to  be  the  primary  cause 
of  nest  failure  for  Wilson’s  Warblers  breeding 
in  coastal  riparian  woodlands  in  Marin  Coun- 
ty. However,  we  documented  a relatively  high 
rate  of  brood  parasitism  and  believe  that  the 
combined  effects  of  parasitism  and  predation 
explain  the  poor  reproductive  success.  For  ex- 
ample, the  difference  in  nestling  number  be- 
tween parasitized  and  unparasitized  nests  was 
large  and  contributed  to  reduced  reproductive 
success.  Our  results  are  similar  to  those  of 
other  studies  in  that  they  point  to  nest  preda- 
tion and  brood  parasitism  as  the  leading  caus- 
es of  nesting  failures  in  songbird  populations 
(reviewed  by  Martin  1992a). 

While  predation  and  parasitism  were  high 
at  all  study  sites,  they  were  significantly  great- 
er at  Muir  Beach  than  at  the  other  sites.  Al- 
though our  sample  size  of  nests  at  Muir  Beach 
was  low,  we  suspect  that  the  higher  levels  of 
predation  and  parasitism  at  that  site  may  have 
resulted  from  the  nests’  close  proximity  to  a 
public  picnic  area,  a horse  stable,  and  a small 
residential  community.  Predator  densities  and 
predation  pressure  are  higher  in  areas  near 
suburban  landscapes  (Wilcove  1985,  Andren 
1992).  At  Muir  Beach,  it  is  likely  that  several 
native  and  non-native  predators  are  in  greater 
abundance  than  at  our  other  sites.  For  exam- 
ple, house  cats  were  only  observed  at  Muir 
Beach,  and  several  corvid  species  frequent  the 
picnic  area  and,  perhaps,  the  nearby  bird  feed- 
ers. Additionally,  raccoons  (Procyon  lotor) 
may  have  been  more  abundant  at  Muir  beach, 
as  they  are  commonly  known  to  forage  from 
trash  cans.  In  addition,  cowbirds  may  have 
benefited  from  the  horse  pasture,  feeders,  and 
mowed  picnic  area  at  Muir  Beach. 

We  observed  significantly  lower  reproduc- 
tive success  in  warbler  nests  parasitized  by 
cowbirds.  Clutch  sizes  in  parasitized  nests 
were  smaller,  probably  the  result  of  egg-re- 


moval behavior  by  female  cowbirds,  as  were 
hatching  and  fledging  success.  In  general,  par- 
asitized nests  failed  entirely.  We  observed 
only  one  instance  of  warbler  young  fledging 
from  a parasitized  nest. 

Brown-headed  Cowbirds  experienced  poor 
reproductive  success  in  Wilson’s  Warbler 
nests  due  to  high  rates  of  nest  predation;  cow- 
bird  fledging  success  was  notably  lower  than 
that  reported  for  several  other  species  of  cow- 
bird  hosts  (reviewed  by  Ortega  1998),  sug- 
gesting that  warblers  in  this  region  may  not 
be  optimal  cowbird  hosts. 

The  Wilson’s  Warbler  is  considered  an  un- 
common cowbird  host  (Ammon  and  Gilbert 
1999),  yet  it  was  one  of  the  most  common 
host  species  at  our  study  sites  (Point  Reyes 
Bird  Observatory  unpubl.  data).  The  propor- 
tion of  nests  parasitized  in  our  study  (33%), 
together  with  estimates  for  Santa  Barbara  and 
San  Luis  Obispo  counties,  California  (55%,  n 
= 11;  Friedmann  et  al.  1977),  suggest  that 
Wilson’s  Warbler  is  a common  cowbird  host 
in  coastal  California. 

High  levels  of  nest  predation  combined 
with  brood  parasitism  are  adversely  affecting 
this  population  of  Wilson’s  Warbler.  Based  on 
our  demographic  population  model,  this  local 
population  constitutes  a sink;  efforts  to  iden- 
tify source  populations  within  the  region  are 
needed  to  determine  whether  the  regional  pop- 
ulation can  be  sustained.  High  levels  of  nest 
predation  combined  with  the  effects  of  brood 
parasitism  point  to  the  underlying  causes  of 
recent  population  declines.  Low  reproductive 
success  appears  to  be  associated  with  the 
proximity  of  nesting  sites  to  human  habitation 
(i.e.,  our  Muir  Beach  site),  although  success 
was  poor  at  all  of  our  sites.  Nest-monitoring 
data  from  other  sites  in  coastal  California  are 
needed  to  understand  the  metapopulation  dy- 
namics of  this  species.  Wilson’s  Warblers  are 
not  restricted  to  riparian  habitats  in  coastal 
Marin  County  and  studies  that  compare  repro- 
ductive success  among  different  habitats  (e.g., 
riparian  versus  coniferous  forest)  would  be 
useful. 
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SPATIAL  FORAGING  DIFFERENCES  IN  AMERICAN  REDSTARTS 
ALONG  THE  SHORELINE  OE  NORTHERN  LAKE  HURON 
DURING  SPRING  MIGRATION 

ROBERT  J.  SMITH,’  4 “^  MICHAEL  J.  HAMAS,’  DAVID  N.  EWERT,^  AND 
MATTHEW  E.  DALLMAN’-^ 


ABSTRACT. — Lowland  coniferous  forests  adjacent  to  northern  Lake  Huron  provide  important  stopover  habitat 
for  landbirds  during  spring  migration.  Large  numbers  of  aquatic  insects  emerging  from  nearshore  waters  of 
northern  Lake  Huron  appear  to  be  an  important  food  source.  In  this  study  we  compared  the  foraging  behavior 
of  a long-distance  landbird  migrant,  the  American  Redstart  {Setophaga  niticilla),  in  areas  with  high  densities  of 
emergent  aquatic  insects  to  areas  with  few  or  no  emergent  aquatic  insects  to  assess  the  significance  of  these 
arthropods  as  an  early  spring  food  source.  Redstarts  foraged  differently  in  shoreline  habitats  relative  to  inland 
habitats  of  similar  vegetation  composition.  Both  males  and  females  gleaned  significantly  more  in  shoreline 
habitats  as  compared  to  inland  areas  of  similar  vegetation  composition,  and  inland  birds  performed  more  sally 
strikes  than  birds  at  the  shoreline.  Both  sexes  also  varied  the  use  of  tree  species  in  which  they  foraged.  Redstarts 
used  northern  white  cedar  {Thuja  occidentalis)  more  at  shoreline  than  inland,  while  inland  redstarts  foraged  in 
deciduous  trees  more  than  at  the  shoreline.  We  suggest  that  differences  in  foraging  between  shoreline  and  inland 
locations  were  responses  to  differences  in  prey  types  and  abundance,  most  notably  the  presence  of  emergent 
aquatic  insects  (Diptera:  Chironomidae)  in  shoreline  habitat.  Our  results  complement  those  of  previous  work, 
suggesting  that  midges  provide  a critical  early  season  resource  for  landbirds  migrating  through  Michigan’s  eastern 
Upper  Peninsula  during  spring.  Received  30  September  2003,  accepted  26  March  2004. 


During  spring  and  early  summer  in  temper- 
ate North  America,  large  numbers  of  aquatic 
insects  that  have  metamorphosed  into  sexually 
mature  adults  often  amass  in  terrestrial  habi- 
tats adjacent  to  riparian  and  lacustrine  systems 
(Armitage  1995,  McCafferty  1998).  These  in- 
vertebrates are  relatively  weak  fliers  (e.g.,  Ko- 
vats  et  al.  1996)  and  tend  to  be  restricted  to 
nearshore  terrestrial  habitats.  In  Michigan’s 
eastern  Upper  Peninsula,  midges  (Diptera: 
Chironomidae)  are  the  predominant  aquatic 
arthropods  when  migratory  landbirds  stop 
during  spring  migration.  These  invertebrates 
swarm  profusely  in  shoreline  areas  while  be- 
ing virtually  nonexistent  inland  (DNE  unpubl. 
data). 

Recent  evidence  suggests  that  lowland  co- 
niferous forests  adjacent  to  northern  Lake  Hu- 
ron provide  important  stopover  habitat  for 
spring  migrants.  More  landbirds  are  found  in 
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nearshore,  midge-abundant  habitats  than  in- 
land habitats  with  comparable  vegetation 
(DNE  unpubl.  data).  Further,  Black-throated 
Green  Warblers  {Dendroica  virens)  forage  in 
and  use  habitat  elements  differently  in  midge- 
abundant  habitats  compared  to  inland,  midge- 
depauperate  habitats  (Smith  et  al.  1998),  and 
American  Redstarts  {Setophaga  ruticilla)  and 
Black-throated  Green  Warblers  forage  at  high- 
er rates  in  midge-abundant  areas  relative  to 
habitats  with  no  midges  (Seefeldt  1997). 

Here  we  describe  shoreline/inland  differ- 
ences in  the  foraging  behavior  of  a long-dis- 
tance landbird  migrant,  the  American  Red- 
start, during  spring  migration  in  Michigan’s 
eastern  Upper  Peninsula.  By  focusing  on 
spring  migration,  we  were  able  to  examine 
bird  behavior  when  shoreline/inland  differenc- 
es in  arthropod  abundances  were  most  dra- 
matic (Smith  et  al.  1998;  DNE  unpubl.  data). 
We  compared  redstart  foraging  behavior  in  ar- 
eas with  high  densities  of  midges  to  areas  with 
few  or  no  emergent  midges  to  assess  the  sig- 
nificance of  these  arthropods  as  a food  source 
during  early  spring. 

METHODS 

Study  area. — The  study  area  included  ap- 
proximately 80  km  of  shoreline,  extending 
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from  Horseshoe  Bay  to  DeTour  State  Park  in 
Mackinac  and  Chippewa  counties,  respective- 
ly (45°  51'  to  46°  04'  N,  84°  00'  W to  84°  44' 
W).  Limestone  and  dolomite  peninsulas  define 
much  of  the  shoreline,  with  sandy  coves  and 
marshes  characterizing  borders  of  intervening 
bays.  Conifers,  especially  northern  white  ce- 
' dar  {Thuja  occidentalis),  balsam  fir  {Abies 
balsamea),  white  spruce  {Picea  glauca),  east- 
ern white  pine  {Pimis  strobus),  and  deciduous 
species,  including  paper  birch  {Betida  papyr- 
, ifera),  and  quaking  aspen  {Populus  trernuloi- 
des),  dominate  the  forest.  Forest  composition 
was  relatively  uniform  throughout  the  study 
area,  as  determined  by  vegetation  sampling 
j performed  in  association  with  a bird  census 
I project  that  occurred  in  the  same  landscape 
' (Smith  et  al.  1998;  DNE  unpubl.  data).  Using 
j the  point-centered  technique  of  Cottam  and 
j Curtis  (1956),  DNE  (unpubl.  data)  determined 
1 forest  composition  at  45  permanent,  50-m 
fixed-radius  bird  census  points  positioned  on 
nine  transects  spaced  uniformly  across  the 
study  area.  Sample  points  were  positioned  at 
0,  0.4,  0.8,  1.6,  and  3.2  km  from  the  lake- 
shore.  Canopy  height  ranged  from  10  to  15  m. 
The  understory  was  heavily  browsed  by 
white-tailed  deer  {Odocoileiis  virginianus) 
and  consisted  mostly  of  balsam  fir  and  white 
spruce. 

j Foraging  observations. — We  collected  data 
I on  foraging  American  Redstarts  during  spring 
j migration  of  1993  and  1994.  To  avoid  bias  in 
j our  sampling  effort,  we  spent  equal  amounts 
of  time  in  shoreline  and  inland  habitats  while 
i searching  for  foraging  redstarts.  Observations 
I of  spring  migrants  commenced  when  the  first 
1 birds  arrived  in  early  May  and  continued 
. through  early  June,  the  onset  of  breeding  for 
: birds  in  the  area  (Wood  1951;  DNE  and  MJH 

i pers.  obs.;  R.  J.  Smith  and  E R.  Moore  un- 
publ. data).  To  compare  foraging  at  shoreline 
and  inland  locations,  observations  made  <0.4 
km  from  Lake  Huron  were  designated  as 
shoreline,  and  observations  made  0.4-3. 2 km 
from  the  lake  were  designated  as  inland.  We 
selected  0.4  km  as  the  boundary  between 
I shoreline  and  inland  because  midge  abun- 
ij  dance  drops  precipitously  beyond  this  point 
j'  (DNE  unpubl.  data). 

We  used  the  protocol  of  llejl  et  al.  (1090) 
to  minimi/e  the  likelihood  of  |')scudoreplica- 
I tion.  Only  the  first  bird  (of  each  sex)  delected 


in  a flock  was  used  as  a subject.  We  recorded 
additional  data  only  after  an  observer  had 
traveled  >30  m or  >10  min  had  elapsed  since 
the  previous  observation.  To  reduce  discovery 
bias,  we  waited  5 sec  after  making  initial  vi- 
sual contact,  and  then  recorded  the  subsequent 
foraging  maneuver  performed  by  the  bird 
(Morrison  1984,  Hejl  et  al.  1990). 

Eoraging  maneuvers  were  categorized  as 
(1)  glean,  a maneuver  directed  at  a prey  item 
on  a substrate  while  the  bird  was  either 
perched  or  hopping;  (2)  sally  hover,  a maneu- 
ver in  which  a stationary  prey  item  on  a sub- 
strate is  attacked  by  a hovering  bird;  and  (3) 
sally  strike,  a maneuver  in  which  both  the  in- 
sect and  bird  are  in  flight — also  known  as  fly- 
catching  or  hawking  behavior  (Sabo  1980, 
Petit  et  al.  1990a). 

We  described  the  location  of  a foraging  ma- 
neuver both  horizontally  and  vertically  within 
a tree.  To  characterize  horizontal  position,  we 
arbitrarily  divided  a tree  into  inner,  middle, 
and  outer  thirds  (MacArthur  1958,  Remsen 
and  Robinson  1990).  We  also  recorded  for- 
aging height  for  each  bout  by  using  a clinom- 
eter to  measure  the  angle  from  observer  to  the 
bird  and  an  optical  rangefinder  to  measure  dis- 
tance; these  data  were  converted  to  height  (m) 
using  the  appropriate  trigonometric  equation. 
At  the  end  of  each  observation  we  also  re- 
corded the  species  of  tree  in  which  the  bird 
was  observed,  time  of  day,  distance  from  the 
shoreline,  and  weather  conditions. 

We  pooled  data  across  years  to  maximize 
sample  sizes.  Only  the  five  most  frequently 
used  tree  species  were  considered  when  ana- 
lyzing tree  species  used  during  foraging: 
white  spruce,  balsam  fir,  northern  white  cedar, 
quaking  aspen,  and  paper  birch.  All  data  were 
analyzed  using  SPSS  (2()()0).  Treatment  of 
variables  depended  upon  whether  data  were 
continuous  or  categorical  (Zar  1996).  We  used 
a General  Linear  Model  to  resolve  differences 
in  foraging  height  by  sex  and  observation  lo- 
cation (shoreline  versus  inland).  Log-likeli- 
hood ratio  {(/)  tests  were  used  to  analyze  fre- 
quency data  such  as  spatial  differences  in  use 
of  tree  species,  maneuver  used,  and  horizontal 
position  while  foraging.  Log-likelihood  ratio 
(f/)  tests  also  were  used  to  compare  aelual  to 
expected  use  of  northern  white  cetlar  by  for- 
aging redstarts.  If  reilstarls  preferred  to  forage 
in  (or  a\oided)  cedar,  then  they  woukl  exhibit 
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Glean  Sally  hover  Sally  strike 


Glean  Sally  hover  Sally  strike 


FIG.  1.  Comparison  of  American  Redstart  forag- 
ing maneuvers  at  shoreline  and  inland  habitats  during 
spring  migration  1993-1994,  northern  Lake  Huron, 
Michigan  (female  n — 67,  male  n = 379). 


a disproportionate  use  of  cedar  (Morrison  et 
al.  1998).  We  used  relative  density  estimates 
of  cedar — calculated  from  vegetation  sam- 
pling— to  derive  expected  redstart  use  of  ce- 
dar. Statistical  significance  was  accepted  at  P 
< 0.05. 

RESULTS 

Males  did  not  differ  by  age  in  foraging  ma- 
neuvers used  (G  = 4.89,  df  = 2,  P = 0.087, 
II  = 283),  nor  did  males  differ  from  females 
in  their  use  of  foraging  maneuvers  (G  = 3.32, 
df  = 2,  P = 0.19,  u = 333).  The  type  of 
foraging  maneuver  used,  however,  was  depen- 
dent on  habitat  for  both  males  (G  = 6.24,  df 
= 2,  P — 0.044,  n — 379)  and  females  (G  = 
6.22,  df  — 2,  P — 0.045,  n = 67).  Both  sexes 
gleaned  more  at  shoreline  than  inland  loca- 
tions (males:  42  versus  18%;  females:  56  ver- 
sus 29%)  and  used  more  sally  strikes  inland 
than  at  the  shoreline  (males:  64  versus  40%; 
females:  63  versus  32%;  Fig.  1). 


FIG.  2.  American  Redstart  tree  use  in  shoreline 
and  inland  habitats  during  spring  migration  1993- 
1994,  northern  Lake  Huron,  Michigan  (female  shore- 
line n = 93,  female  inland  n = 32;  male  shoreline  n 
= 590,  male  inland  u = 87).  The  solid  reference  line 
indicates  relative  density  of  northern  white  cedar  in 
shoreline  habitats  and  the  dashed  line  indicates  relative 
density  of  cedar  inland. 


There  was  no  relationship  between  tree  spe- 
cies selected  for  foraging  and  age  of  males  (G 
= 4.85,  df  = 4,  P = 0.30,  n = 229)  or  gender 
(G  = 4.35,  df  = 4,  P = 0.36,  n = 363).  Males 
used  tree  species  for  foraging  differently  in 
shoreline  habitats  as  compared  to  inland  (G  = 
21.23,  df  = 4,  P < 0.001,  n = 677);  the  re- 
lationship was  not  significant  in  females  (G  = 
9.06,  df  = 4,  P = 0.060,  n = 125).  In  shore- 
line habitats,  both  males  and  females  foraged 
more  in  northern  white  cedar  than  in  other  tree 
species  (males  55%,  females  52%),  but  they 
were  observed  more  in  aspen  and  birch  inland 
relative  to  the  shoreline  (Fig.  2).  Redstarts  for- 
aging in  shoreline  habitats  did  not  use  north- 
ern white  cedar  disproportionately  (male:  G = 
0.16,  df  = 1,  P = 0.66,  n = 590;  female:  G 
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= 0.033,  df  = 1,  P = 0.81,  n = 93),  but  inland 
they  did  use  cedar  significantly  less  than  ex- 
pected (male:  G = 4.54,  df  = 1,  = 0.038, 

n = 87;  female:  G = 4.33,  df  = 1,  P = 0.042, 
n = 32;  Fig.  2). 

Foraging  height  was  not  related  to  male  age 
(^1.374  ~ 2.60,  P = 0.11),  and  male  foraging 
height  did  not  differ  between  shoreline  and 
inland  habitats  (Fj  ,74  = 0.02,  P = 0.89);  there 
was  no  male  age  by  habitat  interaction  for  for- 
aging height  (F|  374  = 0.14,  P = 0.71).  For- 
aging height  of  the  sexes  did  not  differ  (F,  44, 
= 2.27,  P = 0.13),  nor  did  foraging  height 
differ  between  shoreline  and  inland  habitats 
(F,  44,  = 0.24,  P = 0.63);  there  was  no  sex 
by  habitat  interaction  for  foraging  height  (F, 
441  = 0.01,  P = 0.99).  We  found  no  shoreline/ 
inland  differences  in  horizontal  position  of 
males  and  females  within  trees  (male:  G = 
2.16,  df  = 2,  F = 0.34,  n = 378;  female:  G 
= 0.36,  df  = 2,  F = 0.84,  n = 67). 

DISCUSSION 

Landbirds  are  known  to  vary  their  foraging 
in  response  to  a number  of  factors,  including 
structural  differences  in  habitat  (Collins  1983, 
Holmes  and  Schultz  1988),  inter-  and  intra- 
specific competition  (Rappole  and  Warner 
1976,  Laursen  1978,  Morse  1980),  including 
gender  (Morse  1968,  Holmes  1986,  Ornat  and 
Greenberg  1990,  Petit  et  al.  1990b)  and  age 
(Woodrey  1995)  interactions,  weather  (Pin- 
kowski  1977),  ambient  temperature  (Ford  et 
al.  1990),  thermoregulatory  requirements 
(Martin  and  Karr  1990),  and  distribution,  di- 
versity and  abundance  of  prey  species 
(Holmes  and  Schultz  1988,  Ford  et  al.  1990, 
Szaro  et  al.  1990,  Smith  et  al.  1998).  While 
the  observed  shoreline/inland  differences  in 
redstart  foraging  might  be  attributable  to  one 
or  more  of  these  factors,  our  results  most  like- 
ly reflect  shoreline/inland  differences  in  the 
abundance  and  activity  of  arthropods. 

The  observed  variation  in  redstart  foraging 
is  likely  not  a consequence  of  dilTerences  in 
forest  composition  because  our  equal  sam- 
pling effort,  distributed  across  such  a large 
landscape,  should  have  eliminated  any  spuri- 
ous effects  between  shoreline  anti  inland. 
Moreover,  vegetation  sampling  performetl  at 
the  same  scale  as  behavior  sampling  indicaletl 
little  shoreline/inlaiul  tlilTerencc  in  density  of 


tree  species  throughout  our  study  area  (Smith 
et  al.  1998;  DNE  unpubl.  data). 

It  is  possible  that  differences  in  migrant 
densities  between  shoreline  and  inland  (DNE 
unpubl.  data)  may  have  caused  birds  to  vary 
their  foraging  by  creating  a situation  in  which 
shoreline  birds  experienced  enhanced  compe- 
tition. Consequently,  migrants  in  shoreline  lo- 
cations may  have  altered  their  foraging  rela- 
tive to  those  inland  as  they  sought  to  alleviate 
enhanced  competition  associated  with  higher 
numbers  of  competitors.  While  our  data  are 
insufficient  to  rule  this  out,  we  point  out  that 
the  shoreline/inland  differences  observed  in 
redstarts  were  very  similar  to  foraging  differ- 
ences previously  documented  in  Black-throat- 
ed Green  Warblers  (Smith  et  al.  1998).  As 
with  redstarts,  during  spring  migration  Black- 
throated  Green  Warblers  gleaned  more  at  the 
shoreline  while  exhibiting  more  sally  hovers 
and  sally  strikes  inland.  Furthermore,  Black- 
throated  Green  Warblers  foraging  in  shoreline 
locations  used  cedar  more  than  other  tree  spe- 
cies, while  birds  observed  inland  dramatically 
reduced  their  use  of  cedar,  instead  foraging 
more  in  deciduous  species  such  as  paper  birch 
and  quaking  aspen. 

Differential  distribution  by  age  or  sex  also 
could  have  influenced  foraging,  if  there  were 
age  or  sex  differences  in  how  redstarts  foraged 
at  our  site.  Age-  and/or  sex-mediated  habitat 
segregation  has  been  demonstrated  among 
redstarts  on  the  wintering  grounds  (Marra  et 
al.  1993,  Parrish  and  Sherry  1994),  during  mi- 
gration (Woodrey  1995),  and  during  the 
breeding  season  (Sherry  and  Holmes  1997). 
However,  we  found  no  age  or  gender  effect  in 
how  birds  foraged  or  used  tree  species. 

There  were  obvious  microclimate  differenc- 
es between  shoreline  and  inland  areas  within 
our  study  site  (DNE  unpubl.  data).  Shoreline 
habitats  were,  on  average,  cooler  and  re- 
mained cooler  longer.  Redstarts  may  ha\e  var- 
ied foraging  in  response  to  these  lemjK'rature 
differences.  Marlin  and  Karr  ( 1990)  found  that 
a number  of  warbler  species  increased  Hying 
maneuvers  during  the  coklcr  periods  of  early 
spring  and  late  fall  migration,  fhey  suggested 
that  use  of  aerial  maneuvers  tluring  cokl  pe- 
riotls  may  be  nu)ic  criicient  than  nonllying 
maneuvers  because  ol  increased  heat  produc- 
tion by  night  muscles.  Houever.  we  fouiul 
that  redstarts  peilormcd  more  nonllying  ma- 
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neuvers  (gleans)  in  cooler  shoreline  habitats 
and  more  aerial  maneuvers  (sally  hovers  and 
sally  strikes)  in  warmer,  inland  areas.  These 
results  are  contrary  to  what  would  be  expected 
if  birds  increased  aerial  maneuvers  to  enhance 
thermoregulatory  efficiency,  but  they  corre- 
spond with  expectations  if  birds  were  re- 
sponding to  increased  activity  of  flying  inver- 
tebrates in  warmer  habitats  (see  below). 

The  Great  Lakes’  influence  on  local  cli- 
mate, vegetation,  and  animal  communities  is 
especially  apparent  in  nearshore  terrestrial 
habitats  (Eichenlaub  1979).  Temperature  de- 
pression resulting  from  onshore  winds  delays 
the  phenological  development  of  vegetation 
(Albert  et  al.  1986;  DNE  unpubl.  data)  and 
presumably  the  emergence  and  activity  of  ar- 
thropods, as  both  are  dependent  upon  ambient 
air  temperature  (Williams  1961).  Shoreline 
microclimate  differs  from  inland  and  likely  re- 
sults in  unique  abundance  and  distribution 
patterns  of  arthropods. 

Evidence  for  differences  in  arthropod  abun- 
dance between  shoreline  and  inland  areas  is 
suggested  by  differing  foraging  maneuvers  in 
the  two  areas.  Inland,  away  from  the  cooling 
influence  of  the  lake,  redstarts  performed 
more  sally  strikes  and  fewer  substrate-directed 
gleans.  Black-throated  Green  Warblers  also 
increased  their  use  of  sally  strikes  at  inland 
sites  in  Michigan’s  eastern  Upper  Peninsula 
(Smith  et  al.  1998).  Increases  in  aerial  maneu- 
vers such  as  sally  strikes  suggest  that  either 
flying  insects  were  more  abundant  inland,  fly- 
ing insects  were  more  active  inland,  or  some 
combination  of  the  two.  Because  of  the  influ- 
ence of  temperature  on  invertebrate  develop- 
ment and  activity,  any  temperature  differential 
between  shoreline  and  inland  may  have  re- 
sulted in  disparities  in  activities  and  abun- 
dances of  prey,  thereby  influencing  foraging 
behavior.  Birds  also  may  have  altered  foraging 
behavior  in  response  to  shoreline/inland  dif- 
ferences in  the  kinds  of  arthropods  that  were 
available  within  a habitat. 

The  most  obvious  spatial  disparity  in  prey 
for  migrants  was  the  abundance  of  adult  midg- 
es in  shoreline  habitats.  These  insects  were 
strongly  associated  with  the  lakeshore;  beyond 
0.40  km  from  shoreline,  midge  abundance 
dropped  to  near  zero  (DNE  unpubl.  data). 
Midges  commonly  rest  on  nearshore  vegeta- 
tion in  high  densities,  and  both  field  obser- 


vations and  our  results  suggest  that  birds  for- 
aged heavily  on  these  insects.  In  temperate 
habitats,  mating  swarms  of  midges  are  tem- 
perature dependent  (R.  J.  Smith  and  E R. 
Moore  unpubl.  data);  depending  on  the  spe- 
cies, they  begin  to  swarm  at  a critical  mini- 
mum temperature  of  about  10°C  (Armitage 
1995). 

Redstart  foraging  preferences  corresponded 
with  the  activity  and  presence/absence  of 
midges.  Eor  instance,  redstart  foraging  activity 
was  most  intense  during  early  morning  when 
temperatures  often  were  below  10°  C.  Lower 
shoreline  temperatures  may  have  delayed 
swarming  until  later  in  the  day,  resulting  in 
high  densities  of  substrate-bound  (resting) 
midges.  Thus,  resting  midges  may  have  elic- 
ited, at  least  in  part,  the  more-frequent  glean- 
ing observed  in  shoreline  areas  than  inland  ar- 
eas. Eurthermore,  the  differential  use  of  north- 
ern white  cedar  suggests  that  midges  may  be 
an  important  food  resource;  redstarts  used  ce- 
dar significantly  more  at  the  shoreline  com- 
pared to  inland,  even  though  there  was  no  sig- 
nificant shoreline/inland  difference  in  cedar 
density  across  the  study  area  (DNE  unpubl. 
data).  Moreover,  shoreline  redstarts  did  not 
depart  from  random  use  of  cedar  while  inland 
birds  foraged  in  cedar  less  than  expected.  This 
differential  use  of  cedar  may  reflect  differen- 
tial midge  abundance.  Birds  shifted  foraging 
away  from  cedar  inland,  where  few  midges 
occurred.  This  reduction  in  use  of  inland  cedar 
suggests  that  suitable  prey  items,  other  than 
midges,  were  not  abundant  in  cedar. 

Similar  results  were  documented  in  Black- 
throated  Green  Warblers  foraging  in  cedar  in 
the  same  area  (Smith  et  al.  1998).  Birds  used 
cedar  as  expected  at  the  shoreline  during 
spring  migration  and  less  than  expected  in- 
land. During  the  breeding  season  and  fall  mi- 
gration, when  midges  were  not  abundant  in 
shoreline  habitats  (DNE  unpubl.  data).  Black- 
throated  Green  Warblers  used  cedar  signifi- 
cantly less.  The  shoreline/inland  differences  in 
cedar  use  by  both  redstarts  and  Black-throated 
Green  Warblers,  and  the  decline  in  shoreline 
use  by  Black-throated  Green  Warblers  during 
the  breeding  season  and  fall  migration,  sug- 
gest that  birds  foraged  in  cedar  in  response  to 
the  presence  of  midges  and  that  prey  items 
other  than  midges  were  not  abundant  in  cedar. 

Constructive  replication  in  the  behavioral 
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sciences  is  rare  (Martin  and  Bateson  1993). 
We  have  identified  concordant  results  between 
two  warbler  species  that  are  rather  disparate 
foragers.  Black-throated  Green  Warblers  in- 
clude a high  percentage  of  gleans  as  part  of 
their  foraging  repertoire  (Morse  1993),  where- 
as American  Redstarts  use  relatively  fewer 
gleans  and  more  aerial-directed  foraging  ma- 
neuvers (Sherry  and  Holmes  1997).  Similari- 
ties in  foraging  between  these  two  species  re- 
duce the  likelihood  that  our  results  are  spuri- 
ous, and  they  provide  additional  support  for 
the  hypothesis  that  aquatic  insects  are  a criti- 
cal early  season  resource  for  landbirds  during 
spring  migration  in  Michigan’s  eastern  Upper 
Peninsula. 

Intercontinental  landbird  migrants  often 
outpace  the  phenological  development  of  veg- 
etation and  terrestrial  invertebrates  as  they 
move  north  during  spring  migration  (Slags- 
vold  1976,  Ewert  and  Hamas  1995),  arriving 
on  their  breeding  grounds  well  before  vege- 
tation is  fully  leafed  out  and  food  becomes 
abundant  (Slagsvold  1976,  Nolan  1978,  Per- 
rins 1996,  Nystrom  1997).  Arrival  of  migrants 
breeding  in  northern  Michigan  may  precede 
completion  of  leaf  development  by  up  to  4 
weeks  (RJS  unpubl.  data).  Early  arrival  also 
increases  exposure  to  inclement  weather,  in- 
cluding late  season  snowstorms,  low  temper- 
atures, or  extended  periods  of  rain  (Whitmore 
I et  al.  1977,  Zumeta  and  Holmes  1978,  Ewert 
and  Hamas  1995,  Aebischer  et  al.  1996,  Mer- 
kle  and  Barclay  1996).  Midges  may  provide 
the  energy  necessary  for  survival  during  se- 
vere weather  or,  under  better  conditions,  en- 
ergy for  fat  deposition,  allowing  a timely  re- 
I turn  and  beginning  of  breeding  (Alerstam  and 
! Lindstrom  1990,  Rowe  et  al.  1994,  Smith  and 
! Moore  2003).  The  quality  of  nearshore  areas 
in  Michigan’s  eastern  Upper  Peninsula  ap- 
pears to  be  augmented  by  the  presence  of 
adult  aquatic  insects,  which  provide  a critical 
food  source  prior  to  the  appearance  of  leaves 
and  emergence  of  phytophagous  insects. 
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USE  OF  OAK  HAMMOCKS  BY  NEOTROPICAL  MIGRANT 
SONGBIRDS:  THE  ROLE  OF  AREA  AND  HABITAT 

SCOTT  G.  SOMERSHOE'  2 AND  C.  RAY  CHANDLER'-^ 


ABSTRACT. — Many  species  of  Neotropical  migrant  songbirds  have  declined  in  recent  decades,  due  in  part 
to  loss  and  fragmentation  of  stopover  habitat.  To  properly  manage  forested  landscapes  for  migrating  songbirds, 
information  is  needed  on  how  size  and  habitat  structure  of  forest  patches  influence  their  use  by  migrants  during 
stopover.  We  conducted  surveys  of  Neotropical  migrant  birds  in  eight  oak  hammocks  of  varying  size  (0.32-3.08 
ha)  at  the  Savannah  National  Wildlife  Refuge,  Jasper  County,  South  Carolina  during  spring  migration  1999  and 
2000  and  fall  migration  1999.  Hammock  size  was  the  most  important  factor  related  to  number  of  total  species, 
species  per  day,  individuals  per  day,  and  density  of  migrants.  Differences  in  vegetation  structure  and  patchiness 
among  hammocks  did  not  explain  differences  in  migrant  abundance.  Density  of  migrants  tended  to  be  higher  in 
smaller  hammocks,  particularly  during  spring.  Hammock  use  was  generally  similar  between  seasons  and  years. 
Two  forest-interior  breeding  species  occurred  more  often  in  the  largest  hammocks,  suggesting  that  interior  species 
are  susceptible  to  forest  fragmentation  while  en  route.  We  suggest  that  protection  of  larger  (versus  smaller)  tracts 
of  forest  is  more  beneficial  to  migrating  songbirds,  especially  declining  forest  interior  species.  Received  22  Apnl 
2003,  accepted  19  April  2004. 


In  recent  decades  many  species  of  Neotrop- 
ical migrant  birds  have  undergone  population 
declines  (Faaborg  and  Arendt  1992,  Gauth- 
reaux  1992,  Peterjohn  et  al.  1995).  Although 
these  declines  may  be  linked  to  loss  of  habitat 
on  the  breeding  grounds  in  North  America  and 
wintering  grounds  in  Mexico,  the  Caribbean, 
and  Central  and  South  America  (Robbins  et 
al.  1989b,  Askins  et  al.  1990),  the  loss  of  suit- 
able stopover  habitat  has  also  been  implicated 
(Moore  et  al.  1990).  Thus,  an  important  first 
step  in  managing  land  appropriately  for  en 
route  migrant  landbirds  is  to  identify  habitat 
features  that  are  important  in  selection  of  stop- 
over sites. 

The  maritime  forests  along  the  southeast 
Atlantic  and  Gulf  coasts  are  a valuable  re- 
source for  songbirds  (Cohrs  and  Cohrs  1994, 
Moore  et  al.  1995).  On  the  coasts  of  South 
Carolina,  Georgia,  and  northernmost  Florida, 
maritime  forests  are  dominated  by  live  oaks 
{Qiierciis  virginiana),  and  occur  as  large  con- 
tiguous patches  of  forest  on  barrier  islands, 
the  immediate  mainland,  and  as  small  patches 
(oak  hammocks)  scattered  among  coastal 
marshes.  Although  contiguous  patches  of  mar- 
itime forest  occur  on  barrier  islands  and  the 
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adjacent  mainland,  oak  hammocks  are  natural 
formations  located  on  small  (<0.4-500  ha) 
patches  of  well-drained  soil  among  coastal 
marshes  isolated  from  other  oak  hammocks 
and  forests.  In  six  coastal  Georgia  counties, 
more  than  1,200  oak  hammocks  have  been 
identified,  with  85%  of  these  smaller  than  4 
ha  (Georgia  Department  of  Natural  Resources 
2002).  The  rising  value  of  coastal  property  has 
led  to  development  of  large  patches  of  mari- 
time forest  (large  oak  hammocks  and  barrier 
islands)  as  well  as  smaller  and  more  isolated 
hammocks  (U.S.  Fish  and  Wildlife  Service 
1993,  Georgia  Department  of  Natural  Re- 
sources 2002). 

As  development  reduces  the  amount  of 
maritime  forest  cover,  migrant  birds  may  ex- 
perience reduced  refueling  rates  and  may  in- 
cur increased  en  route  mortality  (Petit  2000). 
Stopover  ecology  of  Neotropical  migrant 
songbirds  along  the  southeastern  coast  has  re- 
ceived little  attention  despite  recent  songbird 
declines  and  rapid  coastal  development.  In  ad- 
dition, no  studies  have  been  conducted  on 
songbird  use  of  hammocks  during  migration. 
Hammocks  are  accessible  only  by  boat  and 
the  expense  and  difficulty  in  accessing  ham- 
mocks has  prevented  thorough  songbird  stud- 
ies from  being  conducted.  Oak  hammocks 
may  be  critical  habitat  for  Neotropical  migrant 
songbirds  (Cox  1988),  but  little  is  known 
about  how  migrants  use  hammocks  during 
stopover  (Hillestad  et  al.  1975,  Cox  1988, 
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Cohrs  and  Cohrs  1994).  Lack  of  knowledge 
on  hammock  use  by  migrants  may  hamper  ap- 
propriate management  of  this  habitat  along  the 
coast  of  the  southeastern  United  States. 

A representative  example  of  oak  hammocks 
along  the  southeastern  coast  occurs  at  Savan- 
nah National  Wildlife  Refuge  (SNWR),  Jasper 
County,  South  Carolina.  Several  hammocks 
are  readily  aecessible  via  a series  of  impound- 
ments used  to  control  water  levels.  Hammock 
size  distribution  and  vegetative  communities 
are  similar  to  those  found  elsewhere  in  Geor- 
gia and  along  the  southeastern  Atlantic  coast 
(Georgia  Department  of  Natural  Resources 
2002),  making  SNWR  an  ideal  location  to 
study  songbird  migration. 

We  assessed  migrant  stopover  use  of  oak 
hammocks  to  determine  whether  (1)  abun- 
dance of  migrating  Neotropical  songbirds  in- 
creases with  hammock  size,  (2)  vegetation 
structure  influences  the  abundance  and  diver- 
sity of  migrants,  and  (3)  edge  and  forest  in- 
terior species  use  hammocks  differently. 

METHODS 

Study  area. — We  conducted  our  study  from 
April  1999  through  May  2000  at  the  SNWR 
(32°  15'  N,  81°  1 1'  W),  Jasper  County,  South 
Carolina.  The  study  site  is  located  on  the  low- 
er coastal  plain  approximately  16  km  from  the 
Atlantic  Ocean  and  comprises  4,306  ha  of 
freshwater  marsh  and  scattered  forest.  We  lo- 
cated 1 1 oak  hammocks  on  SNWR  that  were 
accessible  from  a series  of  impoundments 
used  to  control  water  levels.  We  selected  eight 
of  these  hammocks  for  surveys  so  as  to  span 
the  range  in  size  of  fragments  (0.32,  0.57, 
1.05,  1.13,  1.29,  1.70,  1.86,  and  3.08  ha)  at 
SNWR;  this  range  represents  most  hammocks 
in  the  coastal  region.  Study  hammocks  were 
isolated  from  one  another  by  >0.4  km  of 
freshwater  marsh  and  were  located  1. 6-3.0 
km  from  adjacent  forests.  Hammock  isolation 
reduced  movement  of  migrants  among  ham- 
mocks and  adjacent  forests  during  surveys. 
The  three  hammocks  not  selected  were  diffi- 
cult to  access  or  near  adjacent  forest.  We  mea- 
sured the  area  of  each  fragment  (±5%)  with 
a Corvallis  Microtechnology  MC-V  Global 
lk)sitioning  .System  dilTerentially  corrected  to 
the  Charleston,  .South  CTirolina  base  station. 

Hiril  .surveys. — During  spring  1999  and 
2()()()  (10  April-12  May),  we  surveyed  birds 


in  each  hammock  26-29  times,  and,  during 
fall  1999  migration  (25  September-30  Octo- 
ber), we  surveyed  each  of  five  hammocks  23 
times.  Surveys  were  conducted  4-5  times 
weekly.  We  surveyed  fewer  hammocks  in  fall 
to  allow  for  an  increased  number  of  surveys 
per  hammock  in  one  field  season.  We  chose 
the  two  largest  and  two  smallest  hammocks 
for  surveys  during  fall  migration  and  random- 
ly chose  a fifth  (1.29  ha)  from  the  remaining 
four  hammocks. 

We  estimated  songbird  abundance  and  di- 
versity using  a modified  line  transect.  Because 
some  study  plots  were  small  (<0.6  ha),  we 
could  not  use  standard  point  or  line  transect 
techniques  and  therefore  did  not  collect  dis- 
tance data.  We  conducted  our  surveys  along  a 
pre-selected  circular  path  through  the  gener- 
ally round  forest  patches.  We  followed  a path 
that  allowed  for  an  audible  and/or  visual  sur- 
vey of  the  entire  hammock  and  recorded  the 
presence  of  all  birds  observed  within  the  ham- 
mock. Survey  duration  varied  among  ham- 
mocks, however  we  surveyed  each  hammock 
with  constant  effort  per  unit  area  (—2.1  ha/hr). 
We  followed  the  same  route  during  each  sur- 
vey. Vegetation  height,  structure,  and  density 
were  similar  among  hammocks,  thus  our  abil- 
ity to  detect  birds  within  and  among  ham- 
mocks was  similar.  We  surveyed  hammocks 
in  random  order  during  the  first  3.5  hr  after 
local  sunrise.  We  did  not  conduct  surveys  dur- 
ing rain  or  when  winds  were  >24  km/hr.  We 
defined  Neotropical  migrants  according  to 
Hunter  et  al.  (1993). 

The  migrants  recorded  in  this  study  likely 
spent  most  of  the  day  in  the  hammock  where 
they  were  observed;  thus,  surveys  were  in- 
dependent on  each  day.  We  based  this  on  the 
following:  ( 1 ) we  recorded  only  one  instance 
of  migrants  moving  between  hammocks  dur- 
ing surveys;  (2)  migrants  often  complete  noc- 
turnal flight  before  ci\il  twilight  (Graber 
1968,  Able  1970,  Bellrose  1971),  .so  most  of 
the  movement  between  hammocks  probably 
occurred  before  we  began  the  first  survey  after 
sunrise  each  morning;  and  (3)  migrants  typi- 
cally move  only  short  distances  during  stt>p- 
over  (Aborn  aiul  Moore  1997;  .1.  l arrington 
pers.  comm.;  .1.  Buler  ikms.  comm.). 

We  attempted  to  avoitl  recounting  iiulivid- 
uals  within  a hammock  during  each  survey.  In 
spring,  a small  number  of  migrants  discontin- 
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Lied  migration  and  became  summer  residents 
during  our  survey  period.  If  we  repeatedly  ob- 
served an  individual  of  any  locally  breeding 
Neotropical  species  in  the  same  location  ex- 
hibiting nesting  behavior  (e.g.,  courtship,  nest 
building),  we  considered  the  bird  a local 
breeder  and  removed  the  individual  from  mi- 
gration surveys.  We  conducted  surveys  to 
quantify  the  breeding  bird  community  in  each 
hammock  during  late  May  and  early  June, 
conhrmed  local  breeding  pairs,  and  removed 
those  birds  (<20  birds)  from  our  migration 
surveys.  We  removed  no  birds  from  fall  sur- 
veys because  we  conducted  all  surveys  after 
the  breeding  season,  and  few  individuals  were 
winter  residents  (SGS  pers.  obs.).  We  suspect 
some  birds  held  territories  during  both  spring 
and  fall  migration  and  the  same  individual 
may  have  been  recorded  on  multiple  surveys. 
The  lack  of  temporal  independence  is  inherent 
in  all  migration  studies  involving  surveys  of 
unbanded  birds,  however,  from  our  observa- 
tions we  suspect  daily  turnover  rates  were 
large  (>90%)  in  all  hammocks,  with  few  in- 
dividuals staying  for  multiple  days.  All  sur- 
veys were  conducted  by  the  same  individual 
(SGS). 

Habitat  characteristics. — We  quantified 
habitat  within  each  hammock  in  spring  1999 
following  James  and  Shugart  (1970).  We  used 
0.04  ha  plots  to  quantify  >25%  of  the  area  of 
each  hammock.  We  measured  (1)  basal  area 
of  trees  >10  cm  diameter  at  breast  height 
(dbh),  (2)  percent  canopy  cover,  (3)  percent 
herbaceous  ground  cover,  (4)  litter  depth,  (5) 
number  of  trees  >10  cm  dbh,  (6)  number  of 
yaupon  {Ilex  vomitoria)  stems  <10  cm  dbh, 
and  (7)  number  of  other  stems  <10  cm  dbh. 
We  estimated  yaupon  stem  density  separately 
because  yaupon  is  the  dominant  understory 
plant  and  it  may  provide  fruit  resources  for 
fall  migrants  (Grimm  1983). 

The  canopies  of  the  oak  hammocks  were 
dominated  by  mature  oaks  (Q.  virginiana,  Q. 
laurifolia,  and  Q.  nigra),  sweetgum  {Liquid- 
anihar  styracifhia),  sugarberry  (Celtis  laevi- 
gata), chinaberry  (Melia  azedarach),  and  Chi- 
nese tallow  (Sapinm  sehiferum).  Pines  {Finns 
elliottii,  P.  palustris)  and  bald  cypress  {Tax- 
odium  disticlnun)  were  present,  but  were  a mi- 
nor part  of  the  canopy.  Understory  vegetation 
was  comprised  primarily  of  yaupon,  cherry 
laurel  {Primus  carol iniana),  red  maple  {Acer 


ruhrum),  saw  palmetto  (Serenoa  repens), 
greenbrier  {Smilax  spp.),  mulbeiTy  {Morns 
spp.),  wax  myrtle  {Myrica  cerifera),  and  beau- 
tyberry  {Callicarpa  americana). 

Statistical  analyses. — We  checked  data  for 
normality  and  homogeneous  variances  before 
conducting  parametric  tests.  We  used  paired  t- 
tests  (data  paired  by  hammocks)  to  examine 
differences  in  number  of  species  per  day,  in- 
dividuals per  day,  and  density  of  migrants  be- 
tween years  and  seasons.  We  used  linear  re- 
gression to  assess  whether  migrants  consis- 
tently preferred  certain  hammocks  across 
years  or  seasons.  We  used  ANOVA  to  test  for 
added  variance  among  hammocks  in  number 
of  individuals  and  species  per  day  (abun- 
dance) and  density  (number  of  individuals  per 
ha).  The  added  variance  addresses  random  ef- 
fects varying  among  groups  (individual  ham- 
mocks) and  partitions  variation  into  two  types: 
(1)  day-to-day  variation  within  hammocks, 
and  (2)  variation  among  hammocks. 

We  used  principal  components  analysis 
(PC)  of  the  correlation  matrix  of  the  original 
habitat  variables  to  reduce  vegetation  data  into 
fewer  variables.  For  those  PC  axes  with  eigen 
values  > 1 , we  calculated  mean  PC  scores  and 
the  variance  in  PC  scores  for  each  hammock 
and  then  used  ANOVA  to  test  for  vegetation 
differences  based  on  PC  scores. 

To  assess  the  effects  of  area  (log  trans- 
formed) and  vegetation  structure  on  the  num- 
ber of  species  per  day,  individuals  per  day, 
and  density  we  used  least-squares  linear  re- 
gression. Slope  {h)  represents  the  direction  of 
the  relationship  between  hammock  size  or 
vegetation  and  the  associated  variable  (abun- 
dance or  density).  A positive  slope  indicates 
a direct  relationship,  while  a negative  slope 
indicates  an  inverse  relationship  between  the 
treatment  (hammock  size  or  PC  score)  and  the 
variable  (abundance  or  density).  Analysis  of 
how  individual  species  used  hammocks  of 
varying  size  and  vegetation  structure  included 
only  species  recorded  on  >7%  of  all  counts 
during  the  season  being  analyzed.  We  set  a = 
0.05  and  conducted  all  statistical  analyses  us- 
ing JMP  3.02  Statistical  Software  (SAS  Insti- 
tute, Inc.  1995). 

RESULTS 

We  recorded  41  Neotropical  species  with  a 
mean  of  27.4  ± 2.8  (SE)  individuals  per  day 
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TABLE  1.  Richness,  abundance,  and  density  of  Neotropical  migrants  in 
National  Wildlife  Refuge,  Jasper  County,  South  Carolina,  1999-2000. 

oak  1 

lammocks  at  the 

Savannah 

Hammock  area  (ha) 

0.32 

0.57 

1.05 

1.13 

1.29 

1.70 

1.86 

3.08 

Spring  1999 

Total  species  per  season 

15 

12 

16 

22 

14 

19 

27 

25 

Mean  number  of  species  per  day 

2.3 

2.7 

3.2 

3.9 

2.1 

4.3 

6.5 

5.7 

Mean  number  of  individuals  per  day 

3.1 

4.4 

5.2 

6.7 

4.1 

7.3 

11.3 

8.3 

Mean  density  (number  per  ha) 

9.6 

7.7 

5.0 

5.9 

3.2 

4.3 

6.1 

2.7 

Fall  1999 

Total  species  per  season 

12 

12 

18 

21 

21 

Mean  number  of  species  per  day 

3.0 

2.9 

4.0 

5.4 

8.3 

Mean  number  of  individuals  per  day 

7.2 

5.9 

9.2 

12.6 

32.9 

Mean  density  (number  per  ha) 

22.5 

10.4 

7.1 

6.8 

10.6 

Spring  2000 

Total  species  per  season 

12 

16 

18 

20 

16 

19 

21 

21 

Mean  number  of  species  per  day 

2.2 

2.7 

3.2 

3.0 

3.2 

3.0 

3.9 

6.3 

Mean  number  of  individuals  per  day 

4.0 

4.5 

4.7 

3.8 

4.4 

3.9 

5.3 

10.1 

Mean  density  (number  per  ha) 

12.5 

7.9 

4.5 

3.4 

3.4 

2.3 

2.8 

3.3 

(sum  for  all  hammocks)  during  spring  migra- 
tion. We  recorded  30  species  with  a mean  of 
67.3  ± 7.9  (SE)  individuals  per  day  (sum  for 
all  hammocks)  during  fall.  See  Somershoe 
(2000)  for  a complete  species  list. 

During  spring,  the  abundance  and  density 
of  migrants  per  day  did  not  differ  among 
years.  Density  of  migrants  = 12.92,  P = 
0.01  \ , = 0.68)  in  each  hammock  in  2000 

could  be  predicted  from  1999.  On  the  other 
hand,  number  of  species  per  day  (E]  7 = 5.08, 
P = 0.064,  = 0.46)  and  individuals  per  day 

(F,.7  = 1.21,  = 0.32,  R~  = 0.17)  were  less 

predictable  from  year  to  year.  Hammocks 
sampled  in  spring  and  fall  (/?  = 5)  were  used 
similarly  in  terms  of  number  of  species  per 
day  (F,  4 = 15.07,  P = ().()3(),  R^  = 0.83)  and 
density  (/^'.  ^ = 12.14,  P = 0.040,  R^-  = 0.80), 
but  the  number  of  individuals  per  day  (/'i  4 = 
15.12,  P = 0.067,  R~  = 0.73)  was  less  pre- 
dictable between  seasons. 

Richness,  abundance,  and  density  of  Neo- 
tropical migrants  varied  among  hammocks 
(Table  1).  During  spring.  81-90%  of  the  var- 
iation in  species  per  day,  number  of  individ- 
uals per  day,  and  density  of  Neotropical  mi- 
grants was  attributable  to  consistent  day-to- 
day  differences  within  hammocks.  During  tall, 
46-71%  of  the  variation  in  abundance  and 
density  was  explained  by  diflerences  within 
hammocks. 


We  detected  a significant  relationship  be- 
tween hammock  area  and  number  of  total  spe- 
cies, species  per  day,  individuals  per  day,  and 
density  of  migrants  in  both  spring  1999  and 
2000,  except  for  number  of  individuals  per 
day  in  spring  2000  (Table  2).  Total  species  per 
season  and  species  per  day  were  the  only  var- 
iables that  varied  by  area  during  fall  1999. 
Larger  hammocks  attracted  more  species  and 
more  individuals  (positive  slope);  smaller 
hammocks  tended  to  hold  a higher  density  of 
migrants  (negative  slope;  Table  2). 

Three  principal  components  accounted  for 
63.8%  of  the  total  variation  in  vegetation.  PCI 
described  a gradient  from  relatively  open  for- 
est with  large  amounts  of  herbaceous  ground 
cover  to  denser  forest  with  deep  litter  and 
smaller  amounts  of  herbaceous  ground  cover 
(27.8%  of  the  variation).  The  gradient  de- 
scribed by  PC2  ranged  from  large  amounts  of 
total  basal  area  and  yaupon  stems  to  areas 
with  large  numbers  of  trees  aiul  other  stems 
(21.5%  of  the  variation).  PC3  depicted  a trend 
from  large  numbers  of  other  stems  aiul  a com- 
plete canopy  to  areas  with  a large  mean  litter 
depth  (14.5%  of  the  variation).  Vegetation 
structure  differed  signilicantly  among  ham- 
mocks only  along  the  first  principal  compt^- 
nent  axis  (/  ^ v,  = 5.77.  P = ().()() I ),  while  no 
signilieant  differenees  were  found  along  PC'2 
(/'.  - 1.74,  P = 0.13)  and  PC'3  {l\ ,,,  - 
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TABLE  2.  Linear  regressions  of  hammock  area  on  the  number  of  species  per  season,  species  per  day, 
individuals  per  day,  and  density  of  Neotropical  migrants  among  hammocks  at  the  Savannah  National  Wildlife 
Refuge,  Jasper  County,  South  Carolina,  1999-2000.  Rr  values  represent  amount  of  variation  in  species  per 
season,  mean  species  per  day,  individuals  per  day,  and  density  explained  by  among-hammock  variation  in  area; 
h values  represent  the  slope  of  the  relationship  between  hammock  area  and  the  associated  variable. 


Spring  1999 

Fall  1999 

Spring  2000 

P 

/?2 

b 

p 

b 

p 

b 

Total  species  per  season 

0.044 

0.52 

12.8 

0.01  1 

0.91 

1 1.0 

0.002 

0.82 

12.2 

Number  of  species  per  day 

0.034 

0.55 

3.9 

0.046 

0.78 

5.0 

0.015 

0.65 

3.3 

Number  of  individuals  per  day 

0.029 

0.57 

6.6 

0.12 

0.61 

21.9 

0.10 

0.38 

4.2 

Density  (number  per  ha) 

0.020 

0.62 

-6.1 

0.17 

0.52 

-1  1.7 

0.002 

0.81 

-10.4 

1.96,  P — 0.082).  The  structure  (mean  PC 
score)  and  patchiness  (variance  in  PC  scores) 
of  the  vegetation  in  hammocks  was  unrelated 
to  variation  in  richness,  abundance,  and  den- 
sity of  migrants  in  both  spring  and  fall  (all  P 
> 0.18;  Table  3). 

We  recorded  12  species  during  spring  and 
1 1 species  during  fall  on  at  least  7%  of  all 
counts  (Table  4).  Although  eight  species 
showed  significant  relationships  between 
numbers  of  individuals  per  day  and  hammock 
area  in  spring,  little  variation  in  the  relation- 
ship was  accounted  for  by  hammock  area  (all 
/?-  < 0.07).  Of  10  species  detected  signifi- 
cantly more  often  in  large  hammocks  during 
the  fall.  Eastern  Wood-Pewee  {Contopus  vi- 
rens\  P < 0.001,  = 0.27),  Blue-gray  Gnat- 

catcher  (Polioptila  caerulea;  P < 0.001,  = 

0.22),  American  Redstart  {Setophaga  niticilla\ 


P < 0.001,  R^  — 0.27),  and  Northern  Water- 
thrush  {Seiurus  noveboracensis\  P < 0.001,  R- 
= 0.39)  had  substantive  amounts  of  variation 
explained  by  the  regression.  We  also  found  an 
interesting  distribution  of  several  species 
across  hammocks.  During  spring,  we  did  not 
detect  Northern  Waterthrushes  in  the  smallest 
hammock,  detected  them  only  once  in  the  next 
smallest  hammock  (0.57  ha),  but  we  detected 
them  regularly  in  the  larger  hammocks.  Dur- 
ing fall,  we  found  four  species  in  only  the 
three  largest  hammocks:  Eastern  Wood-Pe- 
wee.  Northern  Parula  {Parula  americana). 
Palm  Warbler  {Dendroica  palmarum),  and 
Northern  Waterthrush.  We  detected  Eastern 
Wood-Pewee  and  Northern  Waterthrush  in  the 
largest  hammock  on  71  and  96%  of  all  counts, 
respectively,  and  did  not  record  them  on  any 
counts  in  the  two  smallest  hammocks.  A sig- 


TABLE  3.  Linear  regressions  of  PCI  score  (vegetation  structure)  and  variance  in  PCI  score  (vegetation 
patchiness)  on  the  number  of  species  per  season,  species  per  day,  individuals  per  day,  and  density  of  Neotropical 
migrants  among  hammocks  at  the  Savannah  National  Wildlife  Refuge,  Jasper  County,  South  Carolina,  1999- 
2000.  Abundance,  richness,  and  density  were  not  related  to  vegetation  structure  (all  P ^ 0.18).  R-  values  represent 
amount  of  variation  in  number  of  species  per  season,  species  per  day,  individuals  per  day,  and  density  explained 
by  among-hammock  variation  in  vegetation;  b values  represent  the  slope  of  the  relationship  between  vegetation 
structure  or  vegetation  patchiness  and  the  associated  variable. 


Spring  1999  Fall  1999  Spring  2000 


p 

R- 

b 

p 

R- 

b 

p 

R- 

b 

Vegetation  structure 

Total  species  per  season 

0.67 

0.03 

-0.90 

0.64 

0.08 

0.99 

0.84 

0.01 

-0.32 

Number  of  species  per  day 

0.55 

0.06 

-0.37 

0.83 

0.02 

-0.22 

0.99 

0.00 

-0.01 

Number  of  individuals  per  day 

0.81 

0.01 

-0.25 

0.70 

0.06 

-1.99 

0.75 

0.01 

-0.26 

Density  (number  per  ha) 

0.18 

0.28 

-1.15 

0.22 

0.44 

-3.18 

0.49 

0.08 

-0.07 

Vegetation  patchiness 

Total  species  per  season 

0.31 

0.17 

-1.15 

0.99 

0.00 

0.02 

0.30 

0.17 

-0.89 

Number  of  species  per  day 

0.19 

0.26 

-0.42 

0.63 

0.09 

-0.29 

0.74 

0.02 

-0.09 

Number  of  individuals  per  day 

0.28 

0.19 

-0.60 

0.59 

0.10 

-1.54 

0.71 

0.02 

-0.17 

Density  (number  per  ha) 

0.54 

0.07 

-0.31 

0.84 

0.02 

-0.34 

0.89 

0.00 

0.13 
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TABLE  4.  Linear  regressions  of  hammock  area  (ha)  and  vegetation  structure  (mean  PCI  score)  on  the 
number  of  Neotropical  migrant  individuals  per  day  among  hammocks  at  the  Savannah  National  Wildlife  Refuge, 
Jasper  County,  South  Carolina,  1999-2000.  We  detected  substantial  variation  (R~  > 0.22)  between  hammock 
area  and  daily  abundance  for  four  species  during  fall  1999  migration  (boldface).  Neither  hammock  area  nor 
vegetation  structure  explained  much  of  the  variation  in  daily  abundance  for  other  species  in  either  season  (all 
< 0.18).  Species  lacking  information  for  either  spring  or  fall  indicate  that  minimum  occurrence  criteria  were 
not  satisfied  (see  text). 


Combined  spring 

1999  and  2000  Fall  1999 


Vegetation  Vegetation 

Area  structure  Area  structure 


% % 


Species 

count.s^ 

p 

p 

R- 

counts^ 

p 

p 

/?2 

Con  top  ns  Virens'" 
Myiarchns  crinitus'" 

30 

0.099 

0.03 

0.99 

0.00 

25 

<0.001 

0.27 

0.70 

0.00 

Tyrannus  ty  ran  mis'" 
Vireo  griseiis^ 

33 

0.044 

0.02 

<0.001 

0.05 

30 

0.001 

0.12 

0.82 

0.00 

Polioptila  caeriilea'" 

28 

<0.001 

0.07 

0.01 

0.05 

39 

<0.001 

0.22 

0.57 

0.00 

Dnmetella  carolinensis'" 

32 

0.25 

0.00 

0.29 

0.01 

74 

0.003 

0.08 

0.62 

0.00 

Panda  americana'" 

21 

<0.001 

0.06 

0.13 

0.01 

17 

0.001 

0.09 

0.005 

0.07 

Dendroica  caerulescens^ 

16 

0.005 

0.03 

0.57 

0.00 

14 

0.68 

0.00 

0.1 1 

0.02 

Dendroica  palmarum^ 
Dendroica  striata'^ 

9 

0.005 

0.03 

0.61 

0.00 

9 

0.004 

0.07 

0.54 

0.00 

Mniotilta  varia'^ 

15 

0.003 

0.04 

0.83 

0.00 

Setophaga  ruticilla'^ 

22 

0.10 

0.01 

0.94 

0.00 

61 

<0.001 

0.27 

0.07 

0.03 

Seiiirus  noveboracensis'" 

7 

<0.001 

0.07 

0.31 

0.00 

33 

<0.001 

0.39 

0.13 

0.02 

Geothlypis  trichas^ 

50 

0.007 

0.03 

0.08 

0.01 

57 

<0.001 

0.18 

0.032 

0.04 

Passerina  cyanea^ 
Icterus  spuriiis^ 

23 

0.92 

0.00 

0.13 

0.01 

57 

<0.001 

0.12 

0.13 

0.02 

“ Percent  occurrence  over  all  counts. 

Interior  species. 

^ Interior/edge  species. 

Edge/scrub  species  (definitions  follow  Whitcomb  et  al.  1981.  Robbins  et  al.  1989a.  Holmes  1994.  Wilson  1996). 


nificant  relationship  between  indivitduals  per 
! day  and  vegetation  structure  was  detected  for 
: a few  species,  but  only  a small  amount  of  the 
} variation  was  explained  by  vegetation  (all  R- 
I < 0.07;  Table  4). 

i DISCUSSION 

Larger  oak  hammocks  along  the  South  Car- 
olina coast  attract  larger  numbers  of  species, 
species  per  day,  and  individuals  per  day,  while 
smaller  hammocks  tend  to  have  higher  den- 
sities of  migrants.  A substantial  portion  of 
variation  in  migrant  abundance  and  density  in 
spring  was  due  to  day-to-day  differences  with- 
in hammocks,  while  among  hammock  varia- 
tion explained  migrant  distribution  in  fall. 
This  implies  that  there  are  features  of  oak 
hammocks  that  arc  predictably  associated  with 
use  by  Neotropical  migrants. 

One  of  the  features  is  clearly  si/c:  larger 
hammocks  contained  more  species  and  more 
individuals.  Others  also  have  found  a positive 
species-area  relationship  for  migrant  birtls  in 


forest  patches  (Martin  1980,  Cox  1988).  The 
simplest  explanation  for  this  pattern  is  that  mi- 
grants sort  into  hammocks  at  random  as  they 
arrive  over  the  study  area.  If  so,  density  of 
migrants  should  be  similar  among  hammocks 
of  different  size.  Our  results  show  that  large 
hammocks  attract  more  individuals  but  small 
hammocks  support  higher  densities  of  mi- 
grants (Tables  1, 2),  which  is  inconsistent  with 
random  sorting  (Martin  1980).  Because  many 
migrants  discontinue  nocturnal  flight  before 
sunrise,  they  may  randomly  choose  a ham- 
mock upon  landing  and  select  more  suitable 
habitat  or  hammocks  before  sunrise.  As  a re- 
sult, we  might  expect  the  distribution  of  mi- 
grants after  hammock  selection  to  be  nonran- 
dom, as  we  found. 

Although  Martin  ( 1980)  suggested  that  hab- 
itat diversity  may  be  a better  predictor  of 
abundance  of  migrants  than  area,  we  did  not 
detect  a relationship  between  \egetation  struc- 
ture and  migrant  richness,  abumlance,  or  den- 
sity. Although  migrants  exhibit  habitat  pref- 
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erences  (Bairlein  1983,  Lindstrom  1989),  at 
the  scale  of  our  analysis,  among-hammock 
sorting  of  the  migrant  assemblage  was  not 
correlated  to  features  of  the  vegetation. 

If  songbirds  select  migratory  habitat  in  a 
way  that  is  similar  to  how  they  select  breeding 
habitat  (Petit  2000),  forest  interior  specialists 
also  may  show  preferences  for  larger  forest 
patches  along  the  migration  route  (Whitcomb 
et  al.  1981).  Six  species  (Eastern  Wood-Pe- 
wee.  Blue-gray  Gnatcatcher,  Northern  Parula, 
Palm  Warbler,  American  Redstart,  and  North- 
ern Waterthrush)  were  found  most  often  in 
large  hammocks;  thus,  small  hammocks  (<0.5 
ha)  may  not  provide  adequate  habitat.  This 
suggests  that  fragmentation  of  forested  stop- 
over sites  may  be  detrimental  to  these  species. 
Species  such  as  the  Eastern  Wood-Pewee, 
which  is  declining  in  the  eastern  portion  of  its 
range  (Breeding  Bird  Survey;  Peterjohn  et  al. 
1995),  might  suffer  from  the  effects  of  frag- 
mentation en  route  as  well  as  on  the  breeding 
and  wintering  grounds. 

Number  of  individuals  per  day,  likely  the 
most  variable  of  measurements,  differed  be- 
tween seasons  and  years  because  of  the  large 
variation  in  the  daily  number  of  individuals 
inherent  in  studies  of  migration.  Although 
sources  of  variation  in  migrant  abundance  and 
density  among  hammocks  differed  between 
seasons,  general  patterns  of  similar  numbers 
of  species  per  day  and  density  between  years 
and  seasons  suggest  that  migrants  are  using 
similar  criteria  in  selecting  hammocks.  The 
hammocks  at  SNWR  are  similar  to  others 
found  in  South  Carolina  and  along  the  south- 
eastern Atlantic  coast.  Thus,  consistent  pat- 
terns in  bird  abundance  and  density  between 
years  and  seasons  may  be  applicable  to  other 
hammocks  and  our  data  may  provide  reliable 
information  for  developing  management 
guidelines. 

Although  oak  hammocks  are  not  remnants 
of  larger,  contiguous  forest,  migrants  likely 
use  the  same  criteria  in  selecting  hammocks 
and  fragments  of  maritime  forest.  Develop- 
ment on  barrier  islands  will  fragment  contig- 
uous maritime  forest,  resulting  in  small  patch- 
es of  forest  surrounded  by  unsuitable  habitat 
(i.e.,  houses,  roads,  etc.).  Many  of  these  new 
fragments  will  be  of  comparable  size  to  nat- 
ural oak  hammocks  and  the  observed  patterns 
of  migrant  richness,  abundance,  and  density  in 


hammocks  at  SNWR  may  apply  to  these  new 
fragments. 

Our  results  suggest  that  management  should 
emphasize  preserving  all  hammocks  for  mi- 
grating songbirds;  however,  larger  hammocks 
may  be  more  beneficial  to  forest  interior  spe- 
cies. Future  research  should  address  the  issues 
of  habitat  use,  resource  availability,  and  stop- 
over success  in  hammocks  and  remnant  forest 
fragments. 
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ACTIVITY  BUDGETS  OF  SUMMER  TANAGERS  DURING  SPRING 

MIGRATORY  STOPOVER 
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ABSTRACT. — We  radio-tracked  Summer  Tanagers  {Pininga  ruhra)  at  a Gulf  coast  stopover  site  to  study  en 
route  activity  budgets.  Tanagers  were  inactive  a majority  of  the  time,  with  scanning,  foraging,  and  preening 
being  the  next  most  commonly  observed  activities.  When  foraging,  tanagers  primarily  used  sallying  to  capture 
a variety  of  insect  prey.  Possible  explanations  for  inactivity  during  stopover  include  the  need  for  rest  following 
prolonged  flight,  muscle  repair,  reduced  digestive  capacity,  and  the  short  distance  remaining  to  the  breeding 
grounds.  Received  29  June  2003,  accepted  23  March  2004. 


Knowledge  of  stopover  biology  is  critical 
to  our  understanding  of  the  population  dynam- 
ics of  migratory  birds  (Moore  et  al.  1995). 
One  area  of  stopover  biology  where  we  know 
little  is  activity  budgets  of  migrants  en  route. 
Simply  put,  what  does  a migrant  do  from  the 
time  it  arrives  at  a stopover  site  until  it  re- 
sumes migration?  Activity  budgets  can  reveal 
how  well  migrants  meet  energetic  demands  in 
relation  to  food  resources  (King  1974),  and 
also  may  reflect  habitat  suitability:  migrants 
may  devote  more  time  to  foraging  in  habitats 
where  food  resources  are  low.  Activity  bud- 
gets can  also  reveal  behavioral  plasticity  that 
may  occur  during  migration,  which  tells  us 
how  adaptable  migrants  may  be  during  pas- 
sage (Greenberg  1990,  Martin  and  Karr  1990). 
How  much  time  a migrant  spends  foraging, 
being  vigilant,  flying,  and  engaged  in  other 
behaviors  is  therefore  important  in  helping  us 
to  understand  differences  in  habitat  selection, 
mass  change,  vulnerability  to  predation,  and 
stopover  length  among  individual  migrants. 

Part  of  the  reason  for  the  lack  of  informa- 
tion on  activity  budgets  en  route  stems  from 
the  difficulties  of  observing  songbirds  for  ex- 
tended periods  of  time.  One  way  of  overcom- 
ing this  problem  is  to  use  radiotelemetry  (Wil- 
liams 1990).  We  attached  transmitters  to  Sum- 
mer Tanagers  {Piranga  rubra)  to  monitor  their 
activity  during  stopover  following  spring 
trans-Gulf  migration.  We  predicted  that  Sum- 
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mer  Tanagers  would  spend  most  of  their  time 
foraging,  since  they  likely  would  need  to  re- 
plenish fat  stores  following  trans-Gulf  flight 
(Moore  and  Kerlinger  1987).  We  expected 
that  scanning  and  preening  would  be  the  next 
most  common  activities,  since  avoiding  pre- 
dation and  feather  maintenance  are  also  im- 
portant aspects  of  stopover. 

METHODS 

Research  was  conducted  off  the  coast  of 
Mississippi,  on  Horn  Island  (30°  14'  N,  88° 
40'  W).  The  island  is  approximately  22  km 
long  and  1 km  wide.  We  recognized  four  rel- 
atively discrete  habitat  types:  pine  forest, 
scrub/shrub,  marsh/meadow,  and  relic  dune 
(see  Moore  et  al.  1990  for  descriptions). 

We  captured  24  Summer  Tanagers  in  mist 
nets  (12  X 2.6  m,  30-mm  mesh)  and  fitted 
each  with  a transmitter.  Transmitters  (Custom 
Telemetry  and  Consulting,  Watkinsville, 
Georgia)  weighed  1.3-1. 4 g,  had  a range  of  1 
km,  and  a lifespan  of  7 days.  A transmitter 
was  not  attached  if  the  weight  of  the  trans- 
mitter exceeded  5%  of  the  bird’s  body  weight 
(Cochran  1980,  Aldridge  and  Brigham  1988). 
The  weight  of  radioed  tanagers  ranged  from 
25.4  to  32.8  g.  We  attached  transmitters  to  the 
base  of  the  central  tail  feathers  using  cyano- 
acrylate glue  and  a small  cable  tie,  and  re- 
leased birds  at  their  place  of  capture.  We 
tracked  tanagers  continuously  until  either  mi- 
gration resumed  or  the  transmitter  failed. 
Here,  we  analyze  only  data  for  the  first  day  of 
tracking  a given  bird;  tracking  time  varied 
from  4 to  1 1 hr/bird.  Each  bird,  rather  than 
each  movement,  was  treated  as  a sample  unit 
to  avoid  the  problem  of  pseudoreplication 
(Aebischer  et  al.  1993),  since  the  movements 
might  not  be  independent  of  one  another. 
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FIG.  1.  Activity  budgets  for  all  Summer  Tanagers 
on  Horn  Island,  Mississippi  while  in  sight  during 
spring  migrations  of  1992-1994. 


We  observed  activities  of  tanagers  using  10 
X 50  binoculars,  and  dictated  observations 
into  a tape  recorder  for  later  transcription.  Be- 
havioral activities  recorded  were  perching 
(bird  totally  inactive),  flying  (any  non-forag- 
ing or  non-evasive  flight),  foraging  (consum- 
ing food),  scanning  (perched  and  actively 
looking  around),  preening  (feather  mainte- 
nance), aggression  (displacing  or  attacking  a 
conspecific  or  heterospecific),  escape  (fleeing 
or  evading  a conspecific  or  heterospecific,  in- 
cluding a predator),  and  vocalizing  (singing  or 
calling).  Foraging  methods  (Remsen  and  Rob- 
inson 1990)  included  gleaning  (picking  food 
items  from  a nearby  substrate,  excluding  the 
ground,  without  full  extension  of  the  body), 
sallying  (flying  from  a perch  to  attack  a food 
item  in  the  air  and  then  returning  to  the 
perch),  frugivory  (consuming  fruit),  and 
ground  foraging  (flying  down  to  or  moving 
along  the  ground  and  picking  food  items). 
When  a tanager  was  not  in  view,  we  catego- 
rized the  bird  as  being  either  perched,  active, 
or  flying.  For  birds  classified  as  “perched,” 
there  was  no  variation  in  signal  strength  or 
direction.  For  tanagers  that  were  “active,”  the 
signal  direction  fluctuated,  but  still  stayed 
within  a confined  area.  Based  on  signal 
strength,  we  could  tell  when  birds  were  within 
about  50  m,  so  we  knew  the  bird’s  movements 
were  localized.  Signals  of  birds  that  were  fly- 
ing continuously  faded  in  one  particular  di- 
rection, indicating  the  birds  were  steadily 
moving  away  from  the  receiver. 


Foraging  maneuver 

FIG.  2.  Foraging  methods  used  by  Summer  Tan- 
agers on  Horn  Island,  Mississippi  during  spring  mi- 
grations of  1992-1994. 


To  examine  the  possibility  that  transmitters 
might  influence  tanager  behavior,  we  observed 
tanagers  without  transmitters  on  days  when 
we  were  not  radio-tracking.  We  recorded  the 
same  behaviors  as  for  birds  carrying  trans- 
mitters. We  used  a chi-square  contingency  test 
with  a significance  level  of  0.05  to  compare 
the  proportion  of  time  that  radio-marked  and 
non-radio-marked  tanagers  spent  in  different 
activities  (Zar  1984). 

RESULTS 

We  radio-tracked  24  Summer  Tanagers  dur- 
ing spring  migrations  of  1992-1994,  for  a to- 
tal of  190  hr.  Of  total  tracking  time,  88  hr 
(45%)  were  direct  visual  observations.  Visual 
observations  revealed  that  the  birds  spent  74% 
(range:  22-97%)  of  their  time  perched  (Fig. 
1 ).  Scanning,  preening,  and  foraging  were,  re- 
spectively, the  next  most  common  activities. 
Foraging  techniques  included  sallying  (59%: 
range:  0-96%),  gleaning  and  ground  foraging 
combined  (37%;  range:  0-99%),  and  frugi- 
vory (4%;  range:  0-92%)  (Fig.  2).  Frugivory 
was  low  despite  an  abundance  of  yaupon  {Ilex 
vomitoria)  and  greenbrier  {Smilax  spp.)  ber- 
ries on  the  island  (.1.  Clark  unpubl.  data).  Of 
the  prey  items  we  could  identify  (//  = 25),  all 
but  one  were  insects:  Lepidoplera  (//  = 8), 
Odonata  (//  = 5),  Coleoplera  (//  = 4),  Hy- 
menoptera  (//  = 4),  Orlhoptera  (//  ^ 2),  and 
Diptera  (//  = I ).  One  tanager  attempted  to  eat 
a green  anole  {Ano/i.s  carolinen.si.s:  Aborn  and 
Froehlich  1995).  fhe  only  other  acti\ily  ob- 
served was  slee|')ing.  rinee  birds  were  ob- 
served during  daylight  hours  with  their  feath- 
ers fluffed,  eyes  closcti,  aiul  bills  tucked  into 
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their  backs  for  20-40  min  each.  When  not  in 
view,  tanagers  spent  approximately  equal 
amounts  of  time  perched  (50%)  and  active 
(49%),  spending  only  1%  of  the  time  in  flight. 

We  observed  17  non-radio-marked  Summer 
Tanagers  for  a total  of  54  min.  These  birds 
spent  63%  of  their  time  perched,  23%  scan- 
ning, 10%  foraging,  and  3%  flying.  Compared 
with  visual  observations  of  all  radio-tracked 
tanagers,  there  was  no  significant  difference 
in  the  proportion  of  time  devoted  to  the  dif- 
ferent activities  (x“  = 6.5,  P — 0.090).  We 
concluded  that  transmitters  did  not  influence 
the  behavior  of  the  radioed  tanagers. 

DISCUSSION 

Overall,  tanagers  spent  most  of  their  time 
perched,  with  relatively  little  time  spent  scan- 
ning and  foraging.  The  low  percentage  of  time 
we  observed  tanagers  foraging  contradicts  our 
prediction  that  the  birds  would  spend  much  of 
their  time  foraging.  While  information  on  ac- 
tivity during  migration  is  limited,  the  foraging 
time  of  wood-warblers  (Parulidae)  during 
spring  migration  is  reported  to  be  43-68% 
(Graber  and  Graber  1983).  During  winter. 
Summer  Tanagers  are  known  to  perch  inac- 
tively and  then  make  sudden  movements  to 
forage  (Isler  and  Isler  1999).  Scarlet  Tanagers 
{Piranga  olivacea)  often  exhibit  relatively 
long  periods  of  inactivity  while  searching  for 
insects  during  the  breeding  season  (Robinson 
and  Holmes  1982).  Thus,  low  levels  of  activ- 
ity may  be  typical  for  temperate-breeding  tan- 
agers, even  during  migration. 

Inactivity  during  migratory  stopover  might 
reflect  the  need  for  rest  following  trans-Gulf 
flight.  Our  observations  of  tanagers  sleeping 
support  this  notion.  Trans-Gulf  migrants  must 
make  an  18—24  hr  non-stop  flight  (Moore  et 
al.  1990),  which  entails  loss  of  an  entire 
night’s  sleep.  Captive  Yellow-rumped  War- 
blers {Deiidroica  coronatci)  induced  into 
spring  migratory  condition  and  deprived  of 
one  night’s  sleep  showed  reduced  food  han- 
dling ability  and  vigilance  compared  with 
warblers  that  were  allowed  to  sleep  (High 
1996).  Palearctic  migrants  have  also  been 
shown  to  sleep  following  trans-Mediterranean 
flight,  which  is  comparable  in  flight  time  and 
distance  to  trans-Gulf  migration  (Schwilch  et 
al.  2002).  Schwilch  et  al.  (2002)  go  on  to  sug- 
gest that  sleep  is  second  in  importance  only 


to  replenishing  water  and  glycogen  for  mi- 
grants that  have  made  long  flights.  Therefore, 
spending  time  resting  may  increase  the  like- 
lihood that  a migrant  will  be  able  to  forage 
efficiently,  avoid  predation,  and  successfully 
complete  its  migration. 

Second,  stopover  inactivity  may  be  a way 
of  coping  with  muscle  damage.  Flight  muscle 
analyses  of  Horned  Larks  (Eremophilci  alpes- 
tris)  that  experienced  overnight  fasting  re- 
vealed significant  depletion  of  muscle  protein 
and  other  muscle  components  (Swain  1992). 
In  particular,  sarcoplasm,  which  is  important 
for  muscle  contraction,  and  glycolytic  capac- 
ity, which  is  important  for  intense,  short-du- 
ration flights  were  both  significantly  reduced 
(Swain  1992).  If  trans-Gulf  migrants  experi- 
ence similar  effects,  then  they  may  need  to 
allow  their  bodies  to  recover  from  the  pro- 
longed exertion.  The  loss  of  glycolytic  capac- 
ity in  particular  might  impair  the  tanagers’ 
ability  to  perform  foraging  maneuvers  like 
sallying. 

Third,  inactivity  may  be  an  effect  of  re- 
duced digestive  function.  Experiments  with 
Garden  Warblers  (Sylvia  borin)  subjected  to 
several  nights  of  fasting  revealed  that  the  birds 
had  a reduced  metabolic  rate,  which  was  at- 
tributed to  a reduction  of  digestive  function 
(Klaassen  and  Biebach  1994).  This  reduction 
in  digestive  function  and  metabolic  rate,  in 
turn,  led  to  reduced  activity  levels.  Taken  to- 
gether, these  changes  lead  to  a reduction  in 
energy  expenditure  that  allows  migrants  to  fly 
greater  distances  on  a given  amount  of  fuel. 
Trans-Gulf  migrants  may  also  experience  such 
reductions,  and  the  lack  of  activity  seen  in  the 
tanagers  may  have  been  a reflection  of  this 
phenomenon. 

A fourth  explanation  for  the  lack  of  activity 
in  Summer  Tanagers  may  relate  to  the  re- 
maining distance  to  the  breeding  grounds. 
Many  Summer  Tanagers  breed  in  Mississippi 
and  Alabama  (Robinson  1996),  so  the  birds 
we  observed  may  have  been  near  the  end  of 
their  migration  and  therefore  may  not  have 
needed  to  deposit  large  amounts  of  fat.  Trans- 
lated into  migratory  flight  distance,  tanagers 
carrying  surplus  fat  have  could  have  flown  an 
average  of  513  km  (able  to  reach  the  Missis- 
sippi-Tennessee  border),  whereas  tanagers 
lacking  fat  stores  could  have  flown  only  162 
km  (enabling  them  to  reach  southern  Missis- 
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sippi)  (Pennycuick  1992).  Thus,  many  of  the 
Summer  Tanagers  stopping  on  Horn  Island 
may  not  need  to  spend  much  time  foraging, 
and  can  devote  more  time  to  other  needs,  such 
as  rest  or  avoiding  predation. 

On  both  the  breeding  and  wintering 
grounds.  Summer  Tanagers  generally  use  sal- 
lying and  gleaning  to  capture  insects,  primar- 
ily Hymenoptera,  Orthoptera,  and  Coleoptera 
(Robinson  1996,  Isler  and  Isler  1999),  largely 
in  agreement  with  our  data.  The  small  amount 
of  frugivory  we  observed  may  be  typical,  as 
Robinson  (1996:6)  reports  that  Summer  Tan- 
agers “may  take  some  [fruit]  during  breeding 
and  migration.”  Ground  foraging  is  used  by 
Scarlet  Tanagers  on  occasion  (Prescott  1965), 
but  has  not  been  recorded  previously  for  Sum- 
mer Tanagers  (Robinson  1996). 

Habitats  that  provide  shelter  and  conceal- 
ment may  be  just  as  important  to  migrants  as 
habitats  that  provide  adequate  food  supplies, 
especially  following  trans-Gulf  flight.  Our 
data  further  emphasize  the  need  for  under- 
standing all  aspects  of  stopover  biology  in  or- 
der to  adequately  conserve  migratory  land- 
birds  and  their  stopover  sites. 
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EFFECTS  OF  WINDOW  ANGLING,  FEEDER  PLACEMENT,  AND 
SCAVENGERS  ON  AVIAN  MORTALITY  AT  PLATE  GLASS 

DANIEL  KLEM,  JR.,'  ’ DAVID  C.  KECK,'-’  KARL  L.  MARTY,'-’ 

AMY  J.  MILLER  BALL,'-^  ELIZABETH  E.  NICIU,'  s AND  CORRY  T.  PLATT'  <> 


ABSTRACT. — Extensive  observations  and  experiments  suggest  that  collisions  with  plate  glass  result  in  more 
avian  mortalities  than  any  other  human-associated  factor.  We  tested  the  effects  of  window  angling  and  the 
distance  of  bird  feeders  from  windows  on  bird-glass  collisions.  Strike  frequency  differed  among  windows  ori- 
ented vertically  (control)  and  those  angled  20  and  40  degrees  from  vertical;  as  the  angle  of  orientation  increased, 
strikes  and  fatalities  decreased.  Strike  frequency  and  fatalities  at  windows  also  increased  as  the  distance  between 
bird  feeders  and  the  glass  surface  increased.  No  fatalities  were  recorded  when  feeders  were  located  within  1 m 
of  a window,  but  a marked  increase  in  mortality  occurred  when  feeders  were  placed  5 and  10  m from  the  glass. 
Most  glass-collision  victims  may  go  unnoticed,  hidden  by  vegetation  where  they  remain  out  of  view  or  are 
removed  by  scavengers.  We  found  that  scavengers  frequently  removed  baits  from  beneath  windows  at  six 
buildings,  but  no  baits  were  taken  from  a site  without  windows  that  served  as  a control.  The  importance  of 
window  strikes  as  an  avian  mortality  factor,  and  the  likelihood  that  it  will  increase  over  time,  compel  us  to 
recommend  a reevaluation  of  the  Migratory  Bird  Treaty  Act  (MBTA).  Angling  panes  in  new  and  remodeled 
buildings  and  placing  bird  feeders  closer  to  windows  can  potentially  reduce  avian  mortality.  Received  3 Septem- 
ber 2003,  accepted  6 April  2004. 


Birds  are  vulnerable  to  collisions  with  win- 
dows— from  small  panes  to  walls  of  glass 
covering  entire  buildings  (Klem  1989,  1991). 
Extensive  observations  and  several  experi- 
ments reveal  that  birds  apparently  cannot  rec- 
ognize clear  or  reflective  panes  of  glass  as  bar- 
riers to  be  avoided  (Klem  1990b).  Conserva- 
tive estimates  of  annual  avian  mortality  from 
collisions  with  glass  for  the  U.S.  alone  and  for 
the  entire  North  American  continent  range 
from  approximately  100  million  to  1 billion 
birds,  respectively  (Klem  1990b,  1991;  Dunn 
1993),  representing  from  0.5  to  5%  of  the  fall 
bird  population  (American  Ornithologists’ 
Union  1975).  Comparative  hgures  for  other 
human-associated  bird  mortalities  (collisions 
with  vehicles,  communication  towers,  wind 
turbines,  power  lines,  or  nocturnal  strikes  at 
multistory  buildings)  are  at  least  an  order  of 
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magnitude  less  than  those  known  to  occur  at 
glass  (Banks  1979,  Klem  1991,  Shire  et  al. 
2000,  Erick.son  et  al.  2001,  John.son  et  al. 
2002).  Only  predation  by  domestic  cats — es- 
timated at  1 billion  birds  per  year  in  North 
America — results  in  comparable  mortality 
rates. 

Glass  as  a mortality  factor  for  specihc  spe- 
cies is  generally  unknown.  One  exception  is 
the  Swift  Parrot  (Lathamus  discolor)  of  Tas- 
mania— 1.5%  of  the  entire  population  (l.OOO 
breeding  pairs)  is  killed  annually  by  colliding 
with  windows  (R.  Brereton  pers.  comm.).  Le- 
thal collisions  have  been  recorded  whenever 
and  wherever  both  birds  and  glass  occur. 
Moreover,  the  fittest  indi\iduals  of  popula- 
tions are  known  to  be  as  vulnerable  as  any 
other  (Klem  1990b). 

Although  bird-glass  collisions  occur  in  e\- 
ery  season,  the  general  impression  is  that  most 
occur  during  fall  and  spring  migration.  In  fact, 
systematic  monitoring  of  houses  suggests  that 
most  birds  in  North  America  arc  killed  during 
winter,  when  many  are  attracted  to  bird  feetl- 
ers  (Klem  1990b.  Dunn  1993).  During  200 1. 
54  million  U..S.  residents  (257(  of  the  popu- 
lation >16  years  of  age)  participated  in  feed- 
ing birds  and  other  wikllife  (U..S.  Department 
of  Interior  and  U.S.  Department  of  C'ommcrce 
2002).  Ivxaccrbating  our  uiulcrstanding  of  the 
problem  is  the  practice  of  jilanting  \cgetation 
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around  human  dwellings,  which  often  hides 
glass-strike  casualties  from  human  attention 
(Klem  1990a).  Scavengers  are  known  to  re- 
move dead  birds  (Klem  1981),  and  they  are 
believed  to  kill  and  remove  injured  birds  from 
window-collision  sites.  However,  no  experi- 
ments have  specifically  addressed  the  removal 
of  dead  or  injured  birds  by  scavengers  as  a 
possible  explanation  for  why  collision  casu- 
alties are  not  discovered  beneath  windows 
more  often. 

Here,  we  examine  the  effects  of  window  an- 
gling on  bird-glass  collisions,  and  attempt  to 
determine  where  bird  feeders  should  be  placed 
to  reduce  or  eliminate  window  hazards.  Ad- 
ditionally, we  present  experimental  results  that 
indicate  scavengers  regularly  patrol  areas  near 
windows  and  remove  evidence  that  avian  fa- 
talities have  occurred. 

METHODS 

We  conducted  the  window  angling  and  bird 
feeder  placement  experiments  at  the  15-ha 
Muhlenberg  College  Raker  field  site  south  of 
Germansville,  Lehigh  County,  Pennsylvania 
(40°  41'  N,  75°  42'  W).  Land  cover  is  40% 
second-growth  deciduous  woodland,  35%  fal- 
low field,  15%  wetland,  5%  open  water  (Jor- 
dan Creek),  and  5%  man-made  structures.  The 
scavenger  experiment  was  conducted  at  Muhl- 
enberg College  (40°  35'  N,  75°  30'  W)  and 
Cedar  Crest  College  (40°  35'  N,  75°  31'  W). 
The  two  campuses  are  adjacent  to  one  another 
in  suburban,  west  Allentown,  Lehigh  County, 
Pennsylvania. 

Window  angling  experiment. — We  conduct- 
ed the  window  angling  experiment  from  20 
January  to  17  May  1991.  The  basic  design 
was  the  same  as  reported  previously  (Klem 
1989,  1990b),  consisting  of  six  wood-framed 
picture  windows,  simulating  those  in  houses; 
all  were  placed  in  the  same  habitat  and  faced 
the  same  direction  along  the  edge  of  a mixed 
deciduous  forest  and  open  field  (Klem  1989: 
Fig.  1).  Three  of  the  windows  were  tinted  dark 
gray  and  three  were  clear.  Tinted  panes  alter- 
nated with  clear  panes  across  the  six  positions, 
which  were  separated  from  one  another  by  43, 
15,  24,  18,  and  20  m.  Distances  between  win- 
dows were  selected  to  simulate  the  construc- 
tion practice  of  building  homes  in  rows,  in  this 
case  adjacent  to  one  another  along  a tree  line 
facing  a field.  The  vegetation  cover  in  the  field 


consisted  of  cut  corn  stalks  and  grasses,  a uni- 
form habitat  with  no  obvious  flight  paths  to 
attract  birds  to  or  away  from  the  windows. 
Each  window  measured  1.4  m wide  X 1.2  m 
high,  and  was  mounted  1.2  m above  ground. 
Wire-mesh  trays  were  placed  under  each  win- 
dow to  catch  casualties.  Tinted  and  clear  win- 
dows were  placed  in  each  of  three  orienta- 
tions: vertical  (serving  as  the  control),  and  an- 
gled downward  from  vertical  at  20  and  40  de- 
grees. Each  window  was  constructed  in  such 
a way  that  it  could  be  placed  at  all  orienta- 
tions. All  panes  remained  in  the  same  position 
throughout  the  experiment,  and  each  day  the 
three  pane  orientations  were  assigned  random- 
ly to  the  tinted  and  clear  panes;  panes  were 
checked  and  changed  30  min  before  last  light. 

The  parameter  measured  was  the  number  of 
detectable  bird  strikes.  A strike  was  registered 
when  either  a dead  or  injured  bird  was  found 
beneath  a window,  or  when  fluid  or  a blood 
smear,  feather,  or  body  smudge  was  found  on 
the  glass.  All  window-killed  casualties  left  ev- 
idence of  a strike  on  the  glass.  Our  data  are 
likely  to  be  incomplete  and  conservative  be- 
cause some  strikes  (e.g.,  a glancing  blow)  may 
not  have  left  evidence  of  a collision.  In  ad- 
dition, predators  and  scavengers  may  have  re- 
moved some  injured  or  dead  birds  that  we  did 
not  detect. 

Feeder  placement  experiments. — We  con- 
ducted two  feeder  placement  experiments, 
from  31  October  to  17  December  1991  and 
from  24  January  to  29  February  1992.  The 
first  experiment  tested  the  effects  of  placing 
platform  feeders  1,  5,  and  10  m from  conven- 
tional, vertically  oriented  panes.  The  second 
tested  the  effects  of  placing  feeders  2,  3,  and 
4 m from  windows.  In  the  1-,  5-,  and  10-m 
experiment,  we  used  the  same  six  windows 
that  were  used  in  the  angling  experiment,  but 
repositioned  them  so  that  they  were  55  m 
apart.  Each  feeder  placement  was  tested  si- 
multaneously at  one  clear  and  one  tinted  pane. 
Windows  were  positioned  farther  apart  to  re- 
duce the  possibility  that  birds  attracted  to  one 
feeder  placement  might  strike  a window  as- 
sociated with  another.  In  the  2-,  3-,  and  4-m 
experiment,  we  replaced  the  tinted  panes  with 
clear  panes  because  the  quality  of  reflection 
from  the  tinted  glass  (salvaged)  was  not  sharp, 
and  we  suspected  that  this  effect  contributed 
to  the  lower  number  of  strikes  at  tinted  panes 
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in  our  angling  experiment.  Each  feeder  place- 
ment was  tested  simultaneously  at  two  clear 
panes.  Bird  feeders  were  flat  trays  measuring 
30.5  X 61.0  cm,  and  placed  so  that  they  were 
centered  and  level  with  the  bottom  of  each 
windowpane.  Feed  consisted  of  a 1:1  mixture 
of  black-oil  sunflower  seeds  and  either 
cracked  corn  or  white  millet.  Each  feeder  was 
lightly  covered  with  the  same  feed  mixture  1 
hr  before  sunrise  each  day.  We  recorded  strike 
frequencies  in  the  same  manner  as  in  the  an- 
gling experiment. 

Scavenger  experiment. — The  scavenger  ex- 
periment was  conducted  from  25  January  to 
10  April  1992.  Seven  locations,  distributed 
among  four  buildings  on  the  campuses  of 
Muhlenberg  and  Cedar  Crest  colleges,  were 
selected  as  experimental  sites.  Six  of  these 
sites  were  below  windows  at  which  lethal  bird 
strikes  were  known  to  have  occurred.  A build- 
ing wall  without  windows — but  which  faced 
habitat  and  had  human  passage  similar  to  that 
i of  the  other  sites — served  as  a control.  Ap- 
proximately 30  g of  chicken  breast  meat  was 
used  to  simulate  a window-killed  bird  approx- 
imately the  size  of  a Hermit  Thrush  (Catharus 
I giittatus).  At  each  location  bait  was  placed  out 
of  sight  from  human  passersby.  From  25  Jan- 
: uary  to  8 March,  baits  at  each  site  were 
I checked  every  12  hr  (10:00  and  22:00  EST), 
1 and  then  once  every  24  hr  (22:00)  from  9 
< March  to  10  April.  Baits  were  replaced  after 
I 4 days  if  no  disturbance  occurred,  or  during 
' bait  checks  if  baits  had  been  removed  or 
moved  from  their  original  location.  The 
f ground  areas  on  which  baits  were  placed  were 

i finely  raked  so  as  to  record  the  tracks  of  po- 
tential scavengers.  The  parameter  measured 
was  the  number  of  baits  taken  or  moved  from 
their  original  locations  by  scavengers  each 
day  at  each  site. 

We  used  SPSS  (SPSS,  Inc.  2002)  for  all  sta- 
tistical analyses.  Chi-square  goodness-of-flt 
was  used  to  evaluate  experimental  results  ex- 
cept for  one  dichotomous  comparison  in 
which  a 2-tailed  binomial  test  was  more  ap- 
propriate. We  considered  test  results  to  be  sta- 
I tistically  significant  when  P < 0.05. 

I RKSUI.TS 

, Window  angling  exjieriment. — We  recortled 
I 53  strikes,  of  which  12  (239f ) were  fatal  ( fa- 
' ble  1 ).  Dead  birds  included:  Black-capped 


TABLE  1.  The  number  of  bird  strikes  (fatalities) 
decreases  with  increased  window  angling.  Data  are 
from  field  experiments  at  Germansville,  Lehigh  Coun- 
ty, Pennsylvania,  1991. 


Angle  of  tilt 
(orientation) 


Glass  type 

Vertical 

20  degrees 

40  degrees 

Total 

Tinted 

9 (0) 

6 (0) 

2 (0) 

17  (0) 

Clear 

21  (7) 

9 (4) 

6 (1) 

36  (12) 

Total 

30  (7) 

15  (4) 

8 (1) 

53  (12) 

Chickadee  (Poecile  atricapillus).  Northern 
Cardinal  {Cardinalis  cardinalis).  White- 
throated  Sparrow  (Zonotrichia  albicollis). 
Song  Sparrow  (Melospiza  melodia),  and 
Dark-eyed  Junco  {Jiinco  hyemalis).  Total 
number  of  strikes  differed  significantly  across 
window  angle,  with  57%  at  the  vertical  con- 
trol, 28%  at  the  20-degree  angle,  and  15%  at 
the  40-degree  angle  = 14.3,  df  = 2,  P = 
0.001).  Similar  strike  differences  occurred 
across  window  angle  for  both  the  clear  panes 
(X"  = 10.5,  df  = 2,  P = 0.005)  and  tinted 
panes  (y^  = 4.4,  df  = 2,  P = 0. 1 1 ).  Irrespec- 
tive of  window  angle,  strike  frequency  dif- 
fered between  clear  (36)  and  tinted  (17)  panes 
(Binomial  test,  Z = —2.47,  2-tailed,  P = 
0.013). 

Feeder  placement  experiments. — During 
the  1-,  5-,  and  10-m  experiment  we  recorded 
105  strikes,  50%  of  which  were  fatal.  Dead 
birds  were:  Blue  Jay  {Cyanocitta  cristata). 
Black-capped  Chickadee,  Tufted  Titmouse 
{Baeolophus  hicolor).  White-breasted  Nut- 
hatch (Sitta  carolinensis),  American  Robin 
(Tnrdits  migratorins).  Common  Yellowthroal 
(Geothlypis  trichas).  Northern  Cardinal, 
White-throated  Sparrow,  Dark-eyed  Junco, 
House  Finch  (Carpodacns  mexicanns).  and 
American  Goldfinch  {Cardiielis  tristis).  Total 
number  of  strikes  differed  significantly  across 
placements,  with  25  (24%)  at  1 m.  29  (28%) 
at  5 111,  and  51  (48%)  at  10  in  (y-  = 1 1.2,  df 
= 2.  P = ().()04).  Fatal  strikes  also  differed 
significantly  across  feeder  placement,  with  0 
(0%)  at  1 111,  17  (339f ) at  5 in,  and  35  (67%) 
at  10  111  (y-  = 33.0,  df  = 2,  P < O.OOl):  all 
but  four  fatalities  occurred  at  clear  panes. 

During  the  2-,  3-,  aiul  4-ni  cxiieriment  we 
recortlctl  197  strikes.  21  (11%)  of  which  were 
fatal.  Dead  birds  were:  luftetl  ritmouse. 
Northern  C'ardinal,  C’hipping  .Sparrow  (Sfiizel- 
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Feeder  placement 

FIG.  1.  The  proportion  of  bird  fatalities  (%)  at 
windows  increases  as  bird  feeders  are  placed  farther 
from  the  glass  surface.  Data  are  from  field  experiments 
at  Germansville,  Lehigh  County,  Pennsylvania,  1991- 
1992. 

la  passerina).  Field  Sparrow  {S.  pusilla). 
White-throated  Sparrow,  Dark-eyed  Junco, 
and  House  Finch.  Total  number  of  strikes  dif- 
fered significantly  across  placements,  with  46 
(23%)  at  2 m,  91  (46%)  at  3 m,  and  60  (31%) 
at  4 m (x^  = 16.2,  df  = 2,  P = 0.001).  The 
number  of  fatal  strikes  also  differed  signifi- 
cantly across  feeder  placement,  with  1 (5%) 
at  2 m,  9 (43%)  at  3 m,  and  1 1 (52%)  at  4 m 
(X^  = 8.0,  df  = 2,  P = 0.018).  The  combined 
results  of  both  feeder  placement  experiments 
revealed  a marked  increase  in  the  proportion 
of  fatal  strikes  as  distance  between  feeder  and 
window  increased  (Fig.  1). 

Scavenger  experiment. — During  77  days, 
scavengers  found  and  disturbed  69  (13%)  of 
539  baits.  At  the  six  sites  below  windows,  the 
number  of  disturbed  baits  was  17,  12,  12,  8, 
9,  and  1 1 , respectively.  Tracks  revealed  that 
the  following  scavengers  found  bait:  15  (22%) 
squirrel,  31  (45%)  cat,  3 (4%)  dog,  4 (6%) 
bird  spp.,  and  16  (23%)  unidentified.  Baits 
were  found  by  the  same  type  of  scavenger  at 
the  same  site  on  6 (cat),  8 (cat),  and  2 (squirrel 
and  dog)  consecutive  days,  suggesting  that  the 
same  individuals  may  have  returned  to  a lo- 
cation where  food  was  found  previously.  At 
the  control-site  building  with  no  windows 
there  was  no  evidence  that  any  scavenger  dis- 
covered bait  during  the  entire  experimental 
period. 

DISCUSSION 

Preliminary  observations  had  indicated  that 
window  angling  might  protect  birds  by  reflect- 


ing the  ground  instead  of  the  surrounding  hab- 
itat and  sky  (Klem  1990b).  Our  experiments 
revealed  that  window-strike  fatalities  can  be 
reduced  significantly  if  panes  are  angled 
downward  20°  and  40°  from  the  vertical.  An- 
gled glass  also  may  reduce  the  force  with 
which  birds  in  horizontal  flight  strike  panes. 
Although  glass  orientation  does  not  eliminate 
the  lethal  hazard  of  windows,  it  is  an  effective 
bird-strike  deterrent  and  should  be  considered 
by  architects  and  others  involved  in  planning 
new  structures  or  in  remodeling  existing  ones. 
The  effectiveness  of  window  angling  is  sub- 
stantial and  is  likely  to  become  practical  in 
one-story  structures  or  at  ground  level  in  mul- 
tistory buildings. 

Results  of  the  angled  window  and  feeder 
placement  experiments  in  which  tinted  glass 
was  used  indicate  that  tinting  may  afford  some 
protection  for  birds.  Although  fewer  strikes 
were  recorded  at  tinted  panes,  the  numbers  of 
strikes  at  tinted  and  clear  windows  had  similar 
trends  in  the  angling  experiment.  We  believe 
that  the  lower  number  of  strikes  at  our  tinted 
panes  is  explained  best  by  the  relatively  poor 
reflective  quality  of  the  salvaged  glass  we 
used.  In  a previous  experiment,  clear  and  tint- 
ed panes  were  equally  lethal  to  birds  (Klem 
1989).  However,  the  hazards  of  varying  types 
of  clear  and  tinted  glass  need  further  study  to 
determine  their  specific  risks. 

Results  of  previous  experiments  have  doc- 
umented the  effectiveness  of  two  other  meth- 
ods in  eliminating  window  kills,  but  these 
techniques  are  often  unacceptable  to  home 
owners  and  managers  of  commercial  buildings 
because  they  are  costly,  impractical,  or  aes- 
thetically unpleasing  (Klem  1990b,  1991). 
One  method  is  to  place  a physical  barrier  (net- 
ting, awning)  in  front  of  glass  to  prevent  bird 
strikes.  Screens  for  this  purpose  are  now  com- 
mercially available.  Another  method  is  to  ap- 
ply opaque  or  translucent  objects  (hawk  sil- 
houettes, geometric  shapes,  other  creative  pat- 
terns), separated  by  5-10  cm,  to  the  outside 
surfaces  of  windowpanes  (Klem  1990b).  Ob- 
jects of  any  shape  that  visibly  contrast  with 
glass  allow  birds  to  recognize  and  avoid  win- 
dows. The  use  of  ultraviolet  (UV)  patterns  to 
deter  bird-glass  collisions  is  currently  under 
study  in  our  laboratory.  The  expected  princi- 
pal advantage  of  UV  deterrents  is  that  they 
will  be  invisible  to  humans.  Another  potential 
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long-term  solution  is  the  manufacture  of  a 
novel  type  of  sheet  glass,  especially  for  mul- 
tistory, glass-covered  buildings  (Klem  1991); 
this  glass  would  provide  an  unobstructed  view 
from  the  inside,  but,  when  viewed  from  the 
outside,  creative  designs  (dots,  lines,  variously 
shaped  objects  separated  by  5-10  cm)  would 
be  visible  to  birds  and  direct  them  away  from 
the  hazard. 

U.S.  courts  have  established  strict  liability 
for  unintentional  avian  mortality  associated 
with  pesticides  and  power  lines  pursuant  to 
the  Migratory  Bird  Treaty  Act  of  1918 
(MBTA),  as  amended,  or  the  Endangered  Spe- 
cies Act  (ESA)  of  1973  (Corcoran  1999); 
however,  the  courts  have  not  established  strict 
liability  for  fatalities  associated  with  vehicle, 
tower,  or  glass  collisions.  Our  results  suggest 
that  bird  kills  at  glass  are  substantial,  foresee- 
able, and  avoidable  (Klem  1989,  1990b,  1991; 
Corcoran  1999)  and  we  suggest  that  birds 
merit  consideration  for  protection  from  glass 
collision  under  the  purview  of  the  MBTA  and 
ESA. 

Avian  injury  and  mortality  from  collisions 
with  glass  can  be  reduced  worldwide  by  those 
who  feed  birds.  Our  results  showed  an  in- 
crease in  window  fatalities  when  bird  feeders 
are  placed  2-10  m from  a glass  surface,  with 
marked  increases  at  5 and  10  m.  Feeders 
placed  within  1 m of  a pane  led  to  no  fatalities 
and  offer  the  most  protection  for  birds,  espe- 
cially at  residential  buildings  and  visitor  cen- 
ters of  local,  state,  and  federal  parks  and  other 
recreational  facilities. 
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REDISCOVERY  OE  THE  SELVA  CACIQUE  {CACICUS  KOEPCKEAE) 
IN  SOUTHEASTERN  PERU  WITH  NOTES  ON  HABITAT,  VOICE, 

AND  NEST 

NATHANIEL  G.  GERHART'  ^ 


ABSTRACT. — Two  new  locations,  vocalizations,  and  the  nest  of  the  little  known  Selva  Cacique  (Cacicus 
koepckeae,  Icteridae)  are  described  from  southeastern  Peru.  Similarities  between  the  vocalizations  of  Selva  and 
Ecuadorian  caciques  (C.  sciateri)  indicate  that  the  two  species  may  be  closely  related.  The  Selva  Cacique  may 
be  ecologically  restricted  to  narrow  rivers  and  headwater  regions,  where  found  in  river  margin  habitats  and 
nearby  transitional  forest.  Its  occurrence  from  an  elevation  of  300  m at  the  type  locality  to  <575  m at  the 
headwaters  of  the  Rio  Manu  Chico,  240  km  from  the  type  locality,  indicates  that  it  may  occur  in  small  numbers 
over  a much  larger  area  than  was  previously  known.  Received  29  July  2002,  accepted  1 1 March  2004. 


Until  recently,  the  Selva  Cacique  {Cacicus 
koepckeae)  was  known  from  only  two  speci- 
mens collected  at  the  type  locality:  Balta  (10° 
08'  S,  71°  13'  W;  elevation  300  m),  on  the  Rio 
Curanja,  Depto.  Ucayali,  Peru  (Lowery  and 
O’Neill  1965).  Here,  I report  two  new  local- 
ities for  the  species  in  southeastern  Peru,  and 
provide  the  first  description  of  its  voice  and 
nest. 

STUDY  AREA  AND  METHODS 
Between  27  March  and  20  April  1998,  I 
observed  1-4  C.  koepckeae  seven  times  in  the 
vicinity  of  the  Nanti  village  of  Montetoni  (11° 
54'  S,  72°  21'  W;  elevation  550  m)  on  the  up- 
per Rfo  Camisea,  Depto.  Cusco,  and  on  the 
nearby  Rfo  Manu  Chico,  Depto.  Madre  de 
Dios,  Peru  (Fig.  1).  On  1 October  1998,  I ob- 
served a pair  of  birds  near  the  Rfo  Shihuaniro, 
a tributary  of  the  Rfo  Timpfa,  in  the  Matsi- 
genka  (Machiguenga)  community  of  Timpfa 
(12°  04'  S,  72°  49'  W;  elevation  410  m)  on  the 
lower  Rfo  Urubamba,  Depto.  Cusco,  Peru.  I 
observed  groups  of  2-5  birds  several  times  at 
this  and  other  nearby  sites  on  the  Rfo  Shihu- 
aniro in  Timpfa  on  23  October  1999,  16-17 
May  2000,  and  27-28  July  2001.  All  of  these 
sightings  were  along  narrow  tributaries,  but  on 
24  and  29  July  2001  I observed  a pair  of  Selva 
Caciques  visiting  flowering  Erythrina  (Legu- 
minosae)  trees  along  the  main  course  of  the 
lower  Rfo  Urubamba  across  from  the  eco- 
tourism  lodge  of  the  Machiguenga  Center  for 
Tropical  Studies  in  Timpfa.  I used  a modified 
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Sony  TCM-5000EV  tape  recorder  and  a Senn- 
heiser  short-shotgun  microphone  (model 
#ME66  with  K6  powering  module)  to  record 
vocalizations. 

RESULTS  AND  DISCUSSION 

Field  identification. — C.  koepckeae  is  dis- 
tinctive, and  its  pattern  of  coloration — all 
black  with  a yellow  rump — is  striking.  In  this 
region  of  Peru,  no  other  birds  resemble  it.  The 
sympatric  Yellow-rumped  Cacique  (C.  cela) 
shows  much  more  yellow  on  the  rump,  tail, 
and  wings.  Like  C.  cela,  C.  koepckeae  has  a 
light-colored  bill  and  a bluish  eye.  The  bill  of 
C.  koepckeae  is  grayish  white  and  small  for 
an  icterid,  imparting  a small-headed  look  rel- 
ative to  the  long,  strong-headed  appearance  of 
C.  cela  (especially  the  male).  C.  koepckeae 
(23  cm)  is  slightly  smaller  than  C.  cela  (23— 
29.5  cm;  Ridgely  and  Tudor  1989). 

Vocalizations. — On  11  April  1998,  09:00 
EST,  I made  the  first  known  recordings  of  C. 
koepckeae  vocalizations  near  the  Rfo  Manu 
Chico,  elevation  575  m,  Manu  National  Park, 
just  across  the  Isthmus  of  Fitzcarrald  from  the 
village  of  Montetoni  on  the  upper  Rfo  Cami- 
sea (LNS  #96000;  see  track  93  of  Schulenberg 
et  al.  2000).  One  bird  vocalized  while  3-4  in- 
dividuals moved  through  the  canopy  of  a pre- 
dominantly Cecropia  (Moraceae)  riverine  for- 
est grove  along  an  old,  overgrown,  dry  river 
course.  I recorded  20  sec  of  vocalizations  be- 
fore playback  and  35  sec  after  playback. 

The  vocalization  I recorded  was  a rapid  se- 
ries of  loud,  quick,  explosive,  paired  notes: 
chick-pouw.  In  my  analysis,  each  burst  of 
sound  constituted  a note.  Isler  et  al.  (1998: 
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FIG.  I.  Map  of  southeastern  Peru  showing  the  location  of  the  type  locality  (Balta.  solid  triangle),  the  author's 
two  new  locations  for  Cacicus  koepckecie  (Montetoni  and  Timpfa,  solid  circles),  and  other  ohservers'  recent 
j encounters  (Parotori,  Cocha  Cashu,  and  Shanibuyacu,  solid  sc|uares).  Inset  at  upper  left  shows  approximate 
location  within  Peru  of  the  center  of  the  enlarged  map. 


580)  defined  a note  as  “an  unbroken  trace  on 
a spectrogram,  including  associated  over- 
tones.” Paired  notes  were  separated  from  each 
other  by  brief  patises  and  formed  musical 
phrases,  which  may  be  repeated  one  or  more 
times  (F"ig.  2).  Before  playback,  the  two-note 
phrases  were  given  at  about  I /sec  for  20  sec 


before  the  first  noticeable  pause.  Follouing 
playback,  the  pace  was  slower — abotit  one 
chick-pouw  phrase  every  2 sec  for  35  sec.  In 
both  cases,  the  series  began  v\ith  2-3  lone 
chick  notes  before  the  first  two-note  phrase. 
Before  playback,  .several  three-note  chick- 
jyouw'-poKW'  phrases  were  interspersetl  in  the 
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EIG.  2.  Sound  spectrograms  of  vocalizations  of  (A)  Cacicus  koepckeae  (from  the  Rio  Manu  Chico,  south- 
eastern Peru;  recorded  before  playback  by  N.  Gerhart;  LNS  96000)  and  (B)  Cacicus  sclateri  (from  the  Kapawi 
Ecological  Reserve,  Rio  Pastaza,  southeastern  Ecuador;  recorded  before  playback  by  J.  Moore). 


series  of  two-note  phrases,  but  this  only  oc- 
curred once  after  playback. 

On  1 October  1998,  I recorded  a pair  on  the 
Rio  Shihuaniro  at  about  09:00,  when  the  birds 
vocalized  from  the  canopy  of  river  margin 
vegetation  at  a height  of  5-8  m (LNS 
#96001).  The  rhythm  of  the  vocalizations  in 
this  encounter  was  slightly  different.  Phrases 
were  slower,  more  widely  spaced,  and  not  giv- 
en in  a long  series:  chih-chih,  pouw-pouw. 
The  sharp  chih  notes  were  given  in  quick  suc- 
cession, followed  by  a brief  pause;  the  two 
pouw  notes  were  given  more  slowly  and  less 
forcefully.  One  14-sec  sequence  of  the  pair 
contained  six  phrases,  with  the  birds  loosely 
alternating  phrases  as  they  moved  away.  Only 
two  of  the  six  phrases  were  complete  four- 
note  phrases.  Three  shorter  chih-chih,  pouw 
phrases  and  one  phrase  with  only  the  two 
loud,  introductory  notes  were  interspersed 
among  the  complete  phrases.  Long  recordings 
(2  min  46  sec  before  playback  and  29  sec  after 
playback)  of  a single  bird  at  a different  site 
on  the  Rio  Shihuaniro  on  17  May  2000 
showed  similar  variations;  at  times,  the  ca- 
dence was  similar  to  that  in  each  of  the  orig- 
inal two  recordings  made  in  1998. 

These  vocalizations  of  C.  koepckeae  are 
similar  to  one  of  the  vocalizations  of  C.  scla- 
teri, the  Ecuadorian  Cacique,  recorded  by 


Moore  (1997)  during  September  1996  at  Ka- 
pawi Lodge,  Rfo  Pastaza,  in  eastern  Ecuador. 
Seven  two-note  chick-kuh  phrases  of  C.  scla- 
teri were  similar  in  pitch  and  quality  to  the 
chick-pouw  phrase  given  by  C.  koepckeae. 
The  first  note  of  this  C.  sclateri  vocalization 
is  almost  identical  to  the  first  note  of  C.  koep- 
ckeae’s  vocalization,  with  the  second  note 
only  slightly  shorter  and  sounding  more 
clipped.  The  explosive  quality  and  speed  of 
the  vocalizations  of  C.  sclateri  are  also  similar 
to  those  of  C.  koepckeae.  Servat  and  Pearson 
(1991:94)  described  the  vocalizations  of  C. 
sclateri  as  a “ringing  song,  pee-chur,  pee- 
chur,  pee-chur,  chur-chur-chur.” 

Comparison  of  the  last  2.5  sec  of  the  sound 
spectrograms  in  Fig.  2 shows  that  C.  koep- 
ckeae gives  1 1 notes,  whereas  C.  sclateri 
gives  6.  C.  koepckeae's  pace  is  4.4  notes/sec, 
whereas  that  of  C.  sclateri  is  2.4  notes/sec.  C. 
koepckeae  changes  the  rhythm  of  its  vocali- 
zation from  a two-  to  a three-note  phrase  once 
during  the  series,  whereas  C.  sclateri  does  not. 
Nevertheless,  the  basic  two-note  structure  of 
both  vocalizations  is  similar.  Both  vocaliza- 
tions contain  a steady  and  narrow  range  of 
frequencies.  The  F-shaped  first  note  of  both 
species  is  similar  in  shape  and  almost  identical 
in  frequency.  The  second  note  of  the  C.  koep- 
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ckeae  phrase  is  heavily  down-slurred,  giving 
it  a longer,  fuller,  less  clipped  sound. 

These  vocal  similarities  suggest  a close  tax- 
onomic relationship  between  C.  sclateh  and 
C koepckeae  (see  below).  The  principal  vo- 
calizations of  other  caciques  that  could  be 
closely  related  are  substantially  different  from 
those  of  C.  koepckeae  and  C.  sclateri.  For  ex- 
ample, when  not  mimicking  other  species,  C. 
cela  typically  gives  a loud,  variable  four-syl- 
lable song  beginning  with  a strong  screech.  C. 
cela's  frequent  call  note  is  a loud  tchak.  The 
Solitary  Cacique  (C.  solitahus)  gives  a varied 
assortment  of  loud,  whiney,  squealing  calls, 
i but  two  of  its  most  often-heard  songs  in  south- 
, eastern  Peru  are  ( 1 ) a series  of  low  whup  notes 

I followed  by  a high  TEE-O,  and  (2)  a loud, 

piercing  series  of  high  TEW  notes,  sometimes 
i preceded  by  a softer,  low  growl.  The  Southern 
I Mountain-Cacique  (C.  chrysonotus;  Ridgely 
and  Greenfield  2001)  gives  a variety  of  loud, 
jay-like  calls.  Often  one  bird  repeats  these 
harsh  notes  while  another  duets  with  a de- 
scending whistle.  The  principal  song  of  the 
Golden-winged  Cacique  (C.  chrysopterus)  is 
a high,  loud  WHEEO  note,  sometimes  dou- 
bled, and  preceded  by  several  lower  glo-glo 
notes.  Its  call  is  a catbird-like  wreyur  (Ridgely 
and  Tudor  1989). 

The  vocalizations  of  C.  koepckeae  appear 
to  lack  the  variability  of  those  of  C.  cela,  C. 
solitarius,  and  C.  chrysonotus.  The  primary 
chick-pouw  paired  notes  constituted  all  C. 
koepckeae  vocalizations  heard  and  recorded 
before  27-28  July  2001,  when  I recorded  a 
different  vocalization  from  one  or  both  mem- 
bers of  a pair  disturbed  by  tape  playback  of 
the  primary  vocalization  recorded  along  the 
upper  Rfo  Shihuaniro  in  Timpfa.  The  new  vo- 
calization, reminiscent  of  some  sounds  made 
by  C.  solitarius,  consisted  of  two  consecutive 
mournful,  downslurrcd,  high-pitched  whines, 
together  lasting  about  1.5  sec. 

Habitat  and  behavior. — J.  P.  O’Neill  (Rid- 
gely and  Tudor  1989:372)  posited  that  C’. 
koepckeae  was  likely  “an  arboreal  bird  oc- 
curring mostly  at  forest  borders.”  \.  A.  Parker, 
III,  reported  that  it  “appears  to  be  restricted 
to  riverine  habitats  in  the  region”  (C’ollar  et 
al.  1992:961).  My  recent  observations  support 
those  ideas.  None  of  my  encounters  was  far 
from  river  margin  habitats,  and  the  species 


was  never  heard  or  seen  inside  continuous 
high  ground,  or  terra  firme,  forest. 

C.  koepekeae's  preferred  habitat,  at  foothill 
elevations  close  to  the  eastern  slope  of  the  Pe- 
ruvian Andes,  is  the  transitional  forest  that 
lines  narrow,  high-gradient  rivers  such  as  the 
Rios  Shihuaniro,  Manu  Chico,  and  upper 
Camisea.  In  addition  to  the  17  sightings  of  C. 
koepckeae,  I heard  it  10  times  without  seeing 
it,  for  a total  of  27  encounters.  All  27  en- 
counters were  in  river  margin  habitats,  includ- 
ing Gynerium  (Graminae)  canebrakes,  or  in 
transitional  forest  near  rivers.  Nine  of  the  17 
sightings  of  C.  koepckeae  (including  almost 
all  of  the  earliest  sightings  near  Montetoni) 
have  been  of  birds  either  perched  in,  or  mov- 
ing through,  the  canopy  of  river  margin  forest 
in  areas  where  braided  channels  or  dry  river 
courses  create  a patchy  distribution  of  river 
margin  vegetation  types.  Six  other  sightings 
have  been  of  pairs  foraging  along  or  flying 
across  unbraided  sections  of  the  upper  Rios 
Camisea  and  Shihuaniro,  plus  two  sightings  of 
birds  foraging  in  transitional  forest  along  an 
unbraided  (wider)  portion  of  the  lower  Rio 
Urubamba  in  Timpia. 

The  dry  river  courses,  side  branches,  and 
braids  (referred  to  as  otsegoa  by  local  resi- 
dents) of  these  narrow,  high-gradient  rivers 
carve  up  the  river  margin  forests  into  a patch- 
work  of  successional  habitats  of  varying  ages 
and  structures,  forming  the  preferred  habitat 
for  C.  koepckeae.  The  structure  and  distribu- 
tion of  otsegoa  habitat  are  spatially  and  tem- 
porally variable.  Although  these  otsegoa  often 
fill  during  the  rainy  season  and  retain  pools  of 
standing  water  during  the  dry  season,  many 
are  partially  or  fully  overgrown  with  succes- 
sional species  such  as  Cecropia,  Balsa  (Bom- 
bacaceae),  and  Gynerium.  In  some  cases,  es- 
tablished groves  of  riverine  forest  shade  an 
open  understory  scraped  clean  by  rainy-sea- 
son  floods,  but  the  understory  can  also  be 
overgrown  with  dense,  viney,  rank  vegetation. 

In  places,  otsegoa  forests  arc  similar  in 
structure  to  the  well-known  primary  succes- 
sional habitats  described  from  the  Manu  Bio- 
sphere Reserve  area  ('rerborgh  ct  al.  1984). 
Nevertheless,  they  are  more  heterogeneous 
and  patchily  distributcti  than  the  Gyneriutn 
canebrakes  and  transitional  forest  habitat 
types  familiar  to  observers  along  the  witlei 
Manu  and  Mailrc  ile  Dios  rivers.  Otsegoa  for- 
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ests  seem  to  predominate  at  slightly  higher  el- 
evations closer  to  the  Andes,  where  Ficus 
(Moraceae),  Cedrela  (Meliaceae),  and  Ery- 
thrina  species  are  less  prominent  members  of 
the  canopy  tree  community  than  in  the  tran- 
sitional forests  along  lowland,  meandering 
rivers,  such  as  the  middle  and  lower  Manu. 
Gynerium  cane  is  a common  element  in  the 
understory  of  otsegoa  forests,  and  often  forms 
isolated  patches  between  rocky  river  beds;  it 
does  not  tend  to  occur  in  the  broader,  more 
homogeneous  stands  referred  to  as  the  zaholo 
habitat  type  by  Terborgh  et  al.  (1984).  In  some 
places,  patches  of  Giiadiia  (Graminae)  bam- 
boo are  also  found  in  the  understory  of  otse- 
goa forests.  C.  koepckeae  has  been  observed 
using  these  areas,  even  perching  in  bamboo, 
but  it  ranges  throughout  otsegoa  forests  rather 
than  being  restricted  to  bamboo  patches  with- 
in them. 

Four  of  the  17  sightings  occurred  13-20 
April  1998  at  a Gynerium-doxmndiiQd  island  in 
the  middle  of  a dry  river  course  {otsegoa)  on 
the  upper  Rio  Camisea,  downstream  of  the 
village  of  Montetoni.  In  each  encounter,  a pair 
of  birds  flew  to  the  island  between  17:30  and 
18:00  from  the  transitional  forest  that  lined  the 
dry  river  course  and  perched  at  the  tip  of  the 
tallest  Balsa  sapling  on  the  island  before  hop- 
ping down  out  of  sight  to  roost.  Playback  of 
the  vocalizations  recorded  on  11  April  1998 
would  sometimes  draw  one  or  both  individu- 
als across  one  arm  of  the  dry  river  course, 
providing  me  with  excellent  views.  Once  they 
reached  the  island  for  the  night,  the  pair  did 
not  vocalize  more  than  once  or  twice,  even  in 
response  to  playback. 

Between  06:50  and  07:04  on  23  October 
1999  at  the  Rio  Shihuaniro  in  Timpia,  I ob- 
served 1—5  individuals  in  four  situations  in  the 
crowns  of  transitional  river  margin  forest. 
This  spot,  where  I also  saw  and  recorded  a 
pair  of  birds  on  1 October  1998,  is  about  1 1 
km  up  the  Rio  Shihuaniro  from  the  main  pop- 
ulation center  of  the  Timpia  community  on  the 
lower  Rio  Urubamba.  A single  bird  sunned 
and  preened  about  10  m above  ground  on  top 
of  a broken  trunk  that  emerged  from  the  rank 
vegetation  of  a small,  partially  overgrown  side 
channel  {otsegoa)  along  the  main  river.  Three 
more  birds  emerged,  presumably  from  the 
dense  undergrowth,  and  the  four  birds  gath- 
ered 10  m above  ground  in  the  top  of  a tree 


in  the  otsegoa  forest.  They  moved  to  the  open 
crown  of  a 15-  to  20-m-tall  En'thrina  tree  that 
was  just  starting  to  leaf  out,  and  appeared  to 
probe  along  the  bare  branches  from  which 
hung  some  dry  seed  pods.  They  hopped  be- 
tween perches,  staying  mostly  in  the  crown’s 
outer  branches.  They  then  moved  to  a female 
(red)  Triplaris  (Polygonaceae)  tree  with  dry- 
ing, brown  seed  pods,  about  15  m above 
ground.  Five  birds  actively  foraged  in  the 
clumps  of  dry  pods  by  hanging  in,  and  climb- 
ing through,  the  clumps.  Because  I made  these 
observations  with  lOX  binoculars  from  50  to 
150  m away,  I could  not  determine  whether 
the  birds  were  taking  insects  or  nectar,  or 
probing  in  open  seed  pods.  Nevertheless,  they 
did  not  take  fruit  from  an  adjacent  tree. 

During  the  early  morning  hours  of  28  July 
2001,  on  the  upper  Rio  Shihuaniro,  I observed 
repeatedly  a pair  of  C.  koepckeae  visiting  a 
flowering  Erythrina  tree  to  take  nectar.  In  each 
of  several  visits,  the  birds  would  arrive  to- 
gether, visit  clumps  of  flowers  mostly  in  the 
outer  branches,  and  never  stay  more  than  a 
few  minutes.  On  24  and  29  July  2001,  at  16: 
15  and  15:00,  respectively,  I observed  a pair 
of  C.  koepckeae  foraging  in  a group  of  Ery- 
thrina  trees  in  full  bloom,  alongside  the  main 
course  of  the  lower  Urubamba  River.  Heard 
and  seen  on  both  occasions  on  the  bank  op- 
posite from  the  ecotourism  lodge  of  the  Ma- 
chiguenga  Center  for  Tropical  Studies,  the 
pair  took  nectar  from  several  trees  before 
moving  on.  They  did  not  linger  in  any  one 
tree  as  C.  cela  and  other  large  icterids  often 
do  in  Erythrina  trees  in  full  bloom.  Although 
the  species  is  largely  restricted  to  narrower 
rivers  and  headwater  regions,  my  two  sight- 
ings along  the  main  course  of  the  lower  Rio 
Urubamba  indicate  that  C.  koepckeae  may  vis- 
it other  transitional  and  riverine  forest  habitats 
opportunistically  to  take  advantage  of  season- 
ally available  nectar  resources,  especially  rich 
patches  of  flowering  Erythrina  trees. 

My  observations  from  the  Rio  Shihuaniro 
suggest  that  pairs  or  family  groups  of  C.  koep- 
ckeae start  their  morning  foraging  slowly, 
sunning  and  preening,  and  then  become  more 
active,  and  perhaps  more  vocal,  as  they  move 
to  denser  vegetation.  My  experiences  with 
birds  heard  along  the  Rio  Shihuaniro  indicate 
that  response  to  playback  is  variable  at  short 
range  and  minimal  at  long  range.  A pair  re- 
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spending  to  close  playback  on  the  Rio  Shi- 
li  huaniro  on  16  May  2000  remained  silent,  but 
readily  moved  across  the  river  twice,  perching 
in  the  open  4-15  m above  ground  in  the 
crowns  of  riverside  trees  and  bamboo.  At  the 
same  spot  on  27  July  2001,  what  was  presum- 
I ably  the  same  pair  also  drew  nearer  and  then 
I crossed  the  river  several  times  in  response  to 
i playback.  The  pair  had  been  actively  vocal- 
j:  izing  when  encountered,  and  responded  to 

I playback  with  a series  of  chick-poiiw  vocali- 
j|  zations,  eventually  giving  the  disturbed  vo- 
[ calization  and  a rapid  series  of  chih-chih- 

!pouw-pouw  phrases  after  repeated  playback. 

It  appears  that  foraging  pairs  or  small 
groups  of  birds  range  through  the  canopy  of 
I transitional  forest  throughout  the  middle  of 
the  day,  with  foraging  concentrated  in  the  ear- 
ly morning  and  late  afternoon.  In  my  experi- 
enee,  C.  koepekeae  moves  rather  steadily 
through  its  preferred  habitat,  vocalizing  only 
occasionally.  In  one  case,  it  roosted  with  co- 
lonial icterids,  such  as  Olive  Oropendola 
(Psarocolius  yurcicares).  Russet-backed  Oro- 
pendola (P.  emgustifrons),  and  Crested  Oro- 
pendola (P.  decLimanus).  A Matsigenka  resi- 
dent of  Timpia  noted  that  C.  koepekeae  sea- 
sonally fed  at  the  white  flowers  of  an  Inga  sp. 
(Leguminosae)  growing  near  the  Rio  Shihu- 
aniro.  C.  koepekeae  should  be  looked  for 
around  the  patchily  concentrated  nectar  re- 
sources such  as  Erythrina  and  Inga  trees,  and 
possibly  Miieuna  sp.  (Leguminosae)  vines, 
which  are  visited  by  other  icterids. 

Nest. — On  28  July  2001,  along  a braided 
section  of  the  upper  Rio  Shihuaniro,  I ob- 
served an  active  nest  of  C.  koepekeae  for 
about  an  hour.  The  solitary  nest  was  hanging 
from  the  tip  of  one  of  the  lowest  branches, 
15-18  m above  ground  in  a mature,  28-  to  30- 
m-tall  Erythrina  tree  growing  within  10  m of 
the  river  bank.  1 estimated  the  nest  to  be  50- 
70  cm  in  length.  It  resembled  the  pendant  nest 
of  P.  angustifrons,  but  appeared  shorter  and 
slimmer.  It  was  constructed  of  woven  plant 
libers  that  formed  a tear-drop  shape,  had  a top 
entrance,  and  hung  from  a long,  thin  “tail” 
like  the  nest  of  P.  angnstifrons.  A (presum- 
ably) adult  koepekeae  came  to  the  nest 
about  every  5 min,  but  in  one  instance  it  made 
as  many  as  three  visits  in  a 6-min  period.  I 
could  not  tell  what  it  was  bringing  to  the  nest, 
but  each  time  it  entered  the  nest  it  stayed  in- 


side the  chamber  for  5-70  sec.  Several  Crest- 
ed Oropendolas  were  building  nests  on  the 
other  side  of  the  same  tree. 

On  1 6 May  2000,  at  separate  sites  along  the 
Rio  Shihuaniro,  I observed  two  old,  inactive 
nests  of  similar  shape  and  dimensions  that 
were  reported  by  a local  resident  to  be  nests 
of  C.  koepekeae.  Each  nest  was  situated  5-6 
m above  ground  in  12-  to  15-m-tall  trees, 
hanging  near  the  end  of  a branchlet  off  a main 
lateral  branch.  The  trees  were  within  5 m of 
the  river  bank,  and  one  nest  almost  hung  over 
the  water.  In  each  case,  as  with  the  active  nest, 
the  tree’s  crown  stood  alone,  away  from  other 
crowns.  At  all  three  sites,  transitional  forest 
with  a broken  canopy  lined  the  Rio  Shihuani- 
ro. At  two  of  the  sites,  the  understory  was  a 
dense,  young  stand  of  Giiadna  bamboo.  A lo- 
cal resident  said  that  C.  koepekeae  never  nest- 
ed in  colonies  with  the  oropendolas  or  with 
C.  eela,  but  that  it  nested  at  around  the  same 
time  of  year  (during  the  June  to  November  dry 
season). 

Taxononiie  relationships. — Although  pre- 
cise relationships  within  this  genus  are  not 
known  (Lanyon  and  Omland  1999),  similari- 
ties in  vocalizations,  habitat,  and  behavior 
support  the  hypothesis  that  C.  koepekeae  and 
C.  selateri  are  closely  related,  considered  by 
some  to  be  “sister  species’’  (T.  A.  Parker  in 
Cardiff  and  Remsen  1994).  In  addition  to  its 
vocal  similarities,  the  all-black  C selateri  is 
also  almost  identical  to  C.  koepekeae  in  size 
and  morphological  structure,  and  it  has  a sim- 
ilar lowland  Amazonian  distribution  (Cardiff 
and  Remsen  1994).  Based  primarily  on  plum- 
age characteristics,  Lowery  and  O'Neill 
(1965)  originally  proposed  that  C.  ehrysopte- 
riis  was  C.  koepekeae's  closest  relative;  struc- 
tural differences  in  the  tail,  feet,  and  bill  were 
mentioned  but  not  considered  diagnostic.  J.  P. 
O’Neill  (Jaramillo  and  Burke  1999)  now  con- 
siders this  early  idea  to  be  in  error.  Other 
black  and  yellow  caciques  that  could  be  close- 
ly related  inclutle  the  similarly  plumaged 
ehrysonotns.  which  occurs  in  temperate  An- 
dean forest  in  southeastern  Peru  (jirincipally 
at  1 ,800-3, ()()()  m);  C\  ehrysonotns.  howexer, 
is  much  larger,  and,  like  ('.  ehrysopterns.  tlif- 
(ers  in  habits  and  voice  (Ridgely  and  fudor 
1989).  C\  eela  tliffers  in  size,  plumage,  \oice, 
and  has  a colonial  social  system. 

Other  factors  such  as  foraging  behavior  and 
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habitat  preference  also  can  be  considered  in 
determining  species’  relatedness  (Remsen  and 
Schulenberg  1997).  Similarities  in  habitat  use 
and  foraging  behavior  of  C.  sclateri  and  C. 
koepckeae  support  their  close  relationship. 
Both  are  primarily  arboreal  foragers  and  occur 
in  similar  transitional  forest  or  forest  edges 
near  water.  Like  C.  koepckeae,  C.  sclateri  for- 
ages in  middle  and  upper  levels  of  flood-plain 
forest  (Ridgely  and  Tudor  1989,  Servat  and 
Pearson  1991).  In  one  case,  C.  sclateri  for- 
aged actively  for  nectar  or  insects  at  flowers 
4-10  m above  ground  in  a leguminous  tree 
alongside  the  Samiria  River  (Servat  and  Pear- 
son 1991).  J.  P.  O’Neill  (pers.  comm.)  ob- 
served a pair  of  birds  foraging  “4-5  m up  in 
Gynerium  and  Cecropia  at  the  edge  of  an 
Aguaruna-Jivaro  garden  plot  near  the  edge  of 
the  [Cenepa]  river.’’  Ridgely  and  Tudor  (1989: 
368)  classify  C.  sclateri  as  “apparently  rare 
in  canopy  and  middle  levels  of  forest  borders 
and  woodland,’’  where  birds  foraged  in  pairs, 
“well  up  in  trees,  often  probing  into  epiphytes 
and  the  bases  of  leaves.”  Despite  these  simi- 
larities, vocal  differences  (especially  the  struc- 
tural difference  of  the  second  note  of  their  pri- 
mary vocalizations)  do  not  support  the  sug- 
gestion that  C.  koepckeae  and  C.  sclateri 
could  be  subspecies  of  one  species  (cf.  Jar- 
amillo  and  Burke  1999). 

Distribution  and  conser\'ation. — Based  on 
my  observations,  C.  koepckeae  may  be  eco- 
logically restricted  to  narrow  rivers,  such  as 
those  found  in  headwater  regions  at  foothill 
elevations  close  to  the  eastern  slope  of  the  Pe- 
ruvian Andes.  This  seems  especially  evident 
in  the  Timpfa  sightings.  Before  the  sightings 
of  24  and  29  July  2001,  8 months  of  fieldwork 
(spread  over  3 years)  along  the  main  stem  of 
the  Rio  Urubamba  had  resulted  in  no  records 
of  C.  koepckeae.  Over  this  same  time  period, 
less  than  15  km  away,  I recorded  C.  koep- 
ckeae on  8 of  the  1 1 days  I spent  up  the  nar- 
row Rio  Shihuaniro.  In  Timpfa,  the  conven- 
tional wisdom  among  community  members 
about  C.  koepckeae  (known  as  pichocho  in  the 
lower  Urubamba  dialect  of  the  Matsigenka 
language)  is  that  it  is  rarely,  if  ever,  seen  down 
as  far  as  the  main  course  of  the  lower  Rfo 
Urubamba. 

Between  the  type  locality  and  the  sites  of 
my  recent  observations,  C.  koepckeae  has  now 
been  recorded  between  300  and  575  m ele- 


vation in  southeastern  Peru.  The  range  or  hab- 
itat requirements  of  C.  koepckeae  must  be 
somewhat  restricted  because,  until  recent 
sightings  (see  below),  it  had  not  been  ob- 
served at  the  several  heavily  studied  sites  in 
Depto.  Madre  de  Dios  (although  there  were 
several  possible  sightings  during  the  1980s  in 
the  Manu  National  Park  area;  Collar  et  al. 
1992).  Other  narrow  rivers  at  similar  eleva- 
tions in  the  region — for  example,  the  head- 
waters of  the  Rfos  Alto  Manu,  Serjali,  Paqui- 
rfa,  Mishagua,  Cashpajali,  Sepahua,  Las  Pie- 
dras,  Cujar,  Alto  Purus,  and  Curanja — and 
possibly  those  in  western  Brazil,  could  pro- 
vide habitat  for  C.  koepckeae. 

Based  on  its  habitat  requirements,  one 
would  expect  C.  koepckeae  to  occur  in  the 
eastern  part  of  the  Manu  Biosphere  Reserve 
in  Depto.  Madre  de  Dios,  where  appropriate 
habitat  may  exist  away  from  the  main  river.  It 
likely  occurs  in  small  numbers  at  least  as  far 
southeast  as  Boca  Manu  (12°  15'  S,  70°  50' 
W),  where  a possible  sighting  was  reported  in 
1983  (Collar  et  al.  1992;  M.  Kessler  pers. 
comm.).  Although  not  particularly  well  doc- 
umented, this  sighting,  along  an  old  branch  of 
the  Rfo  Manu,  would  represent  a significant 
range  extension  to  the  east  and  south  of  the 
three  confirmed  sites  discussed  in  this  paper. 

Several  other  recent  encounters  add  to  our 
knowledge  of  the  distribution  and  ecology  of 
C.  koepckeae.  A specimen  of  C.  koepckeae, 
only  the  third  of  its  kind,  was  collected  along 
the  pipeline  route  of  the  Camisea  gas  project 
in  Parotori,  Depto.  Cusco,  about  25  km  west 
of  Timpfa  in  the  upper  Rfo  Picha  drainage  (I. 
Franke  pers.  comm.).  During  September  2001, 
near  the  Cocha  Cashu  Biological  Station  (1 1° 
51'  S,  71°  19'  W;  elevation  —380  m)  in  Manu 
National  Park,  J.  Tobias  (pers.  comm.)  re- 
peatedly observed  and  tape  recorded  foraging 
groups  of  C.  koepckeae  along  a bamboo-lined 
stream  near  a site  known  as  Playa  Bonita, 
about  8 km  inland  from  the  main  stem  of  the 
Manu  River.  During  June  2000,  P.  Hocking 
(pers.  comm.)  reported  seeing  a C.  koepckeae 
fly  from  a “very  long”  nest  along  the  Rfo 
Shambuyacu  (a  tributary  of  the  Rfo  Purus), 
Depto.  Ucayali,  near  the  Brazilian  border  (i.e., 
relatively  near  the  type  locality  at  Balta).  Most 
significantly,  in  1996  D.  Lane  (pers.  comm.) 
reported  having  seen  a possible  C.  koepckeae 
near  Cushabatay  in  Depto.  Ucayali,  several 


Gerhart  • SELVA  CACIQUE  IN  PERU 


81 


hundred  km  from  the  sites  mentioned  in  this 
paper.  Indeed,  if  C.  koepckeae  and  C.  sclateri 
form  a superspecies  (as  suggested  by  J.  P. 
O’Neill  in  Jaramillo  and  Burke  1999),  then  C. 
koepckeae  could  occur  well  north  into  east- 
central  Peru. 

The  September  2001  sightings  documented 
with  tape  recordings  from  Manu  National 
Park  (J.  Tobias  pers.  comm.)  offer  hope  that 
more  will  soon  be  discovered  about  the  ecol- 
1 ogy  of  this  little-known  species.  J.  Tobias 
(pers.  comm.)  reported  that  three  different 
family  groups  of  C.  koepckeae  (of  four,  five, 
and  six  individuals,  respectively)  were  readily 
observable  along  a stream  4-8  m wide  in  low- 
I land  rainforest.  During  eight  visits  along  a 5- 
km  stretch  of  the  stream  over  a 4-week  period, 
I Tobias  recorded  the  species  17  times,  with 
each  family  group  tending  to  be  found  re- 
peatedly along  the  same  stretch  of  stream.  To- 
I bias  reported  that  during  2 months  of  intensive 
fieldwork  in  the  surrounding  mature,  flood- 
plain  forest,  he  never  encountered  C.  koep- 
I ckeae  away  from  the  stream:  “They  were  al- 
ways along  the  stream  itself,  never  in  adjacent 
! forest,  and  appeared  to  be  restricted  to  dis- 
i turbed  riverine  regrowth  containing  cane, 
;i  bamboo,  dense  creepers,  and  some  Heliconia 
I [Heliconiaceae]. . . . They  ranged  from  the 
\ low  understory  to  the  upper  canopy,  but  spent 
|)  most  time  1-5  m above  the  ground  in  dense 
J tangles  of  bamboo  or  vines.  The  species  was 
^ almost  always  located  by  its  loud  and  distinc- 
j tive  vocalizations. . . . The  species  is  not  so 
much  skulking  as  inconspicuous  and  highly 
local.”  These  observations  support  my  hy- 
pothesis that  C.  koepckeae  is  ecologically  re- 
stricted to  narrower  rivers  and  the  patchy,  suc- 
' cessional  habitats  along  their  margins. 

Further  research  is  needed  on  the  foraging 
I ecology  and  distribution  of  C.  koepckeae  be- 
fore its  conservation  status  can  be  assessed.  I 
have  seen  and  heard  it  several  times  near  hu- 
man habitation,  where  a mosaic  of  cultivated 
areas  dominated  the  transitional  forest  near 
the  river  edge.  The  pattern  of  low-impact, 
I small-scale  agriculture  practiced  by  the  indig- 
! enous  peoples  of  the  lower  Rfo  Urubamba  re- 
I gion  does  not  seem  to  be  incompatible  with 
I the  ecological  needs  of  koepckeae.  Most 
riverine  habitats  in  the  aforementioned  head- 
! waters  regions  are  still  intact,  and  the  Maim 
Biosphere  Reserve  and  the  contiguous  iiulig- 
i 


enous  reserve  to  the  west  of  the  park  may  af- 
ford the  species  some  de  facto  protection. 
Nevertheless,  current  and  proposed  petro- 
chemical development  in  the  Camisea  and  Rfo 
de  Las  Piedras  areas  may  threaten  the  long- 
term integrity  of  C.  koepckeae  habitat  in  those 
areas.  The  conservation  measures  proposed  by 
Collar  et  al.  (1992:961)  for  this  little-known 
species  state  that  the  first  requirement  is  the 
identification  of  “general  areas  in  which  some 
reasonable  population  exists.”  My  observa- 
tions have  begun  to  do  that,  but  further  explo- 
ration is  necessary  to  document  more  fully  the 
distribution  and  ecological  requirements  of  C. 
koepckeae. 
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DIVING  BEHAVIOR  AND  FORAGING  AREAS  OF  THE  NEOTROPIC 
CORMORANT  AT  A MARINE  COLONY 
IN  PATAGONIA,  ARGENTINA 

FLAVIO  QUINTANA,!  5 pabLO  YORIO,'  NORA  LISNIZER,^ 
ALEJANDRO  GATTO,^  AND  CASPAR  SORIA^ 


ABSTRACT. — The  Neotropic  Cormorant  {Phalacrocorax  brasilianus)  is  a widespread  and  abundant  species 
distributed  throughout  the  Neotropics.  We  report  on  diving  behavior  and  foraging  areas  of  Neotropic  Cormorants 
in  inshore  marine  waters  of  Patagonia,  Argentina.  Mean  dive  duration  was  18.9  ± 5.3  sec  and  differed  signifi- 
cantly among  birds.  Maximum  dive  duration  was  43  sec.  Birds  spent  58-79%  of  their  time  at  sea  underwater. 
Mean  recovery  time  at  the  surface  between  successive  dives  was  6.7  ± 1.5  sec,  and  was  also  significantly 
different  among  individuals.  Mean  diving  efficiency  (mean  dive  duration  time/mean  recovery  time)  was  2.6  ± 
0.5  (range;  0.5-4. 6).  We  were  able  to  locate  birds  while  feeding  on  112  of  215  occasions.  Almost  90%  of 
mapped  locations  (68  feeding  trips)  were  within  2.5  km  of  the  colony.  However,  we  did  not  receive  a signal  on 
103  occasions,  suggesting  that  foraging  may  also  occur  in  waters  outside  the  inlet  where  the  colony  was  located. 
High  variability  in  dive  duration  and  recovery  time  is  congruent  with  flexible  foraging  techniques  and  diet,  as 
Neotropic  Cormorants  feed  on  both  bottom  and  pelagic  schooling  fish.  Received  8 July  2003,  accepted  26  March 
2004. 


The  Neotropic  Cormorant  {Phalacrocorax 
brasilianus),  is  widely  distributed  in  the  Neo- 
' tropics.  The  species  ranges  from  the  southern 
United  States  to  Cape  Horn  at  the  southern 
I extreme  of  South  America  (Orta  1992,  Telfair 
I and  Morrison  1995).  Neotropic  Cormorants 
are  one  of  the  few  cormorant  species  that  oc- 
1 cupy  both  freshwater  and  marine  environ- 
ments, breeding  in  inland  wetlands,  fast-flow- 
I ing  rivers,  high-altitude  lakes,  and  on  marine 
' shores  and  islands  (Orta  1992).  Like  other 
i cormorants  and  shags  (see  Johnsgard  1993  for 
; a review),  they  are  foot-propelled  pursuit-di- 
vers, although  they  can  feed  by  plunge-diving 
! under  special  sea  conditions  (Duffy  et  al. 
1986,  Humphrey  and  Rasmussen  1988). 

In  Argentina,  the  Neotropic  Cormorant  is  a 
I widespread  and  abundant  species,  with  colo- 
nies reaching  up  to  several  thousand  individ- 
I Lials  at  some  wetlands  in  northern  and  central 
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Argentina  (De  la  Pena  1980,  Navas  1993).  On 
the  marine  coasts  of  Patagonia,  it  breeds  at 
twelve  sites  with  a total  breeding  population 
estimated  at  1,200  pairs  (Yorio  et  al.  1999). 
Despite  its  abundance  and  broad  distribution, 
the  Neotropic  Cormorant  has  been  little  stud- 
ied throughout  its  range  (Telfair  and  Morrison 
1995).  In  Argentina,  general  aspects  of  its 
breeding  biology  and  behavior  have  been  de- 
scribed for  freshwater  populations  (Bo  1956, 
Daneri  1960,  Aramburu  and  Bo  1961,  De  la 
Pena  1980,  Mosqueira  et  al.  1987)  but  rela- 
tively little  has  been  published  on  marine  pop- 
ulations (Yorio  et  al.  1994,  Quintana  et  al. 
2002b).  To  date,  there  is  little  information  on 
the  feeding  ecology  of  the  Neotropic  Cormo- 
rant, and  no  available  data  on  diving  param- 
eters of  birds  feeding  in  freshwater  or  marine 
environments.  Here,  we  report  on  the  di\ing 
behavior  and  use  of  I'oraging  areas  of  this  spe- 
cies in  inshore  marine  waters  of  Patagonia, 
Argentina. 

MITHODS 

During  the  2001  breeding  .season,  we  stutl- 
ietl  the  diving  behavit)r  and  determined  the 
feeding  areas  of  the  Neotrojiic  C'ormorant  at 
a colony  of  120  breeding  pairs  at  Isla  Vernaci 
.Sudoeste,  ('aleta  Malaspina  (45  1 1 ' ,S,  66°  30' 
W),  (fluibut,  Argentina  d ig.  1).  This  islaiul 
comi^lex  is  located  at  the  mouth  of  an  inlet 
(35  km';  Herrera  1997)  where  9 of  16  seabirtl 
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LIG.  1.  Loraging  locations  and  density  contours  (resulting  from  kernel  estimation  of  locations)  for  Neotropic 
Cormorants  breeding  at  Isla  Vernaci  Sudoeste  (Caleta  Malaspina,  Argentina),  2001.  Contours  encompass  50,  75, 
and  95%  of  locations. 


species  that  breed  along  the  Argentine  Pata- 
gonian coast  have  colonies  (Yorio  et  al.  1998). 

A VHP  radio  transmitter  (Standard  model. 
Advanced  Telemetry  Systems,  Bethel,  MN) 
was  attached  to  eight  adult  birds  during  the 
late  incubation  period  (29  November).  Radios 
were  fixed  to  the  two  central  tail  feathers  us- 
ing waterproof  tape  (Wanless  et  al.  1998).  The 
procedure  was  completed  in  less  than  5 min 
and  the  released  birds  flew  directly  to  sea  be- 
fore returning  to  their  nests.  Mean  weight  of 
radios  was  18.4  g (SD  = 0.2,  n = 6),  approx- 
imately 1%  of  adult  body  mass  (mean  = 1.65 
kg,  SD  = 0.2,  /?  = 8 birds).  Transmitters  did 
not  appear  to  affect  cormorant  breeding  and 
feeding  activities. 

Radio  signals  were  monitored  from  1 1 
tracking  stations  separated  by  0.7-9. 3 km,  lo- 
cated on  shore  at  10-50  m above  sea-level. 


Receivers  were  single  channel  (R161A  model. 
Advanced  Telemetry  Systems,  MN)  connected 
to  hand  held  3-element  Yagi  aerials  (Ad- 
vanced Telemetry  Systems).  Radio  signals 
disappeared  when  birds  were  underwater  and 
resumed  when  cormorants  resurfaced.  It  was 
therefore  possible  to  identify  a sequence  of 
dives  as  a series  of  regular  breaks  in  the  signal 
(see  Wanless  et  al.  1991).  Dive  duration  cor- 
responded to  the  time  interval  over  which  the 
signal  was  interrupted  and  recovery  times  (the 
interval  at  the  surface  between  successive 
dives)  to  the  time  during  which  a signal  was 
audible.  Dive  efficiency  was  defined  as  the  ra- 
tio between  mean  dive  duration  and  mean  re- 
covery time  (Dewar  1924).  Birds  were  radio- 
tracked  throughout  daylight  hours  between  29 
November  and  3 December  2001. 

Birds  were  treated  individually  because  dif- 
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TABLE  1.  Dive  parameters  of  Neotropic  Cormorants  at  Caleta  Malaspina,  Argentina,  during  the  2001  breed- 
ing season. 


Bird 

Number  of 
dives 

Trips 

recorded 

Mean  dive 
duration  (sec) 
± SD 

Maximum  dive 
duration  (sec) 

Mean  recovery 
time^  (sec) 

± SD 

% time 

underwater  ± SD 

14 

213 

4 

15.2  ± 6.9 

33 

5.0  ± 2.3 

69.2  ± 9.2 

54 

1 13 

2 

16.9  ± 4.1 

28 

6.2  ± 2.2 

72.6  ± 3.6 

104 

6 

1 

22.8  ± 7.0 

30 

9.8  ± 1.2 

69.9 

133 

251 

5 

15.9  ± 8.5 

35 

6.5  ± 4.0 

58.4  ± 17.7 

143 

95 

2 

13.4  ± 8.2 

30 

5.5  ± 3.5 

70.2  ± 3.7 

153 

176 

5 

28.6  ± 8.9 

43 

7.1  ± 2.4 

79.4  ± 4.4 

163 

65 

1 

19.3  ± 6.1 

32 

6.8  ± 2.5 

71.5 

Total 

Mean  ± SD 

919 

20 

18.9  ± 5.3 

6.7  ± 1.5 

70.2  ± 6.2 

“ Excludes  recovery  times  >20  sec. 


ferences  between  birds  were  significant  (one- 
way ANOVA,  P < 0.05).  Means  of  diving 
parameters  were  determined  for  each  individ- 
ual and  then  pooled  to  calculate  overall  mean 
values.  The  use  of  non-independent  observa- 
tions is  valid  if  the  replicates  are  pooled  to 
estimate  a mean  value  (Hurlbert  1984). 

Feeding  areas  were  dehned  as  the  locations 
where  birds  dived  repeatedly;  these  were  es- 
timated by  triangulation  from  the  direction  of 
the  radio  signals.  During  feeding  trips,  and 
while  birds  were  at  the  surface  between  con- 
secutive dives,  at  least  two  stations  simulta- 
neously recorded  the  direction  of  the  most  sta- 
ble and  strongest  signal.  Observers  at  the  two 
tracking  stations  were  in  radio  contact.  To 
control  for  errors,  an  observer  with  binoculars 
and  a hand-held  aerial  checked  a sample  of 
positions.  We  used  kernel  density  estimates  to 
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J'ICi.  2.  Frec|uency  distribution  of  dive  durations  (/; 
= yin  dives)  tor  Neotropic  C’ormorants  at  Caleta  Mal- 
aspina, Argentina.  2001.  (.luring  the  late  incubation  pe- 
riod. 


characterize  the  spatial  distribution  of  feeding 
locations  following  Wood  et  al.  (2000).  We 
defined  three  categories  of  activity  ranges  as 
the  areas  encompassing  95,  75,  and  50%  of 
locations  at  sea. 

RESULTS 

Diving  behavior. — We  recorded  919  dives 
from  seven  incubating  birds  during  20  feeding 
trips  (Table  1).  We  were  unable  to  obtain  data 
from  one  of  the  eight  instrumented  birds  due 
to  radio  failure.  Mean  dive  duration  was  18.9 
sec  (SD  = 5.3,  n = 1 birds;  Table  1)  and  mod- 
al dive  duration  was  15-20  sec.  Only  3%  of 
the  dives  {n  = 919)  were  longer  than  35  sec 
(Fig.  2).  Maximum  dive  duration  was  43  sec 
and  birds  spent  between  58  and  79%  of  their 
time  at  sea  underwater  (Table  1 ).  Dive  dura- 
tion differed  among  individuals  (Kruskal-Wal- 
lis  H = 252.5,  n = 887,  P < 0.001 ).  Recovery 
time,  excluding  prolonged  surface  intervals 
(PSI)  longer  than  20  sec,  was  6.7  sec  (SD  = 
1.5,  /?  = 7 birds;  Table  1).  PSls  ranged  from 
21  to  199  sec  and  were  infrecpient  (3%  of  total 
surface  intervals).  Recovery  time  differed 
among  individuals  (Kruskal-Wallis  //  = 72.3, 
n = 871,  P < O.OOl).  Mean  diving  efficiency 
was  2.6  ± 0.5  (//  = 6 birds).  The  correlation 
between  dive  duration  and  sub.sequent  recov- 
ery time  was  low  (H  = 0.00()3,  n = 892. 

> 0.05).  Recovery  time  increased  linearly 
with  duration  of  the  previous  dive  (Recovery 
time  = 7.0  + 0.02  X Dive  duration)  but  the 
slope  was  low  and  non-signilicant  (/^.m  = 0.5, 
P > 0.05). 

Both  ilive  duration  and  recovery  time  dif- 
fered among  trips  for  three  birds,  while  only 
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one  (either  dive  duration  or  recovery  time) 
differed  for  two  other  birds  (Kruskal-Wallis 
and  Mann- Whitney  L/-tests,  //  > 14  and  Z > 
3.5,  n = 94-236  dives  per  bird,  all  P < 0.05). 
We  excluded  two  birds  (nos.  104  and  163) 
from  the  analysis,  as  only  one  trip  was  re- 
corded for  each  of  these  birds. 

In  a diving  sequence,  the  birds  performed 
a general  pattern  of  immersions  longer  than 
the  intervals  on  the  surface,  except  for  one  trip 
of  bird  no.  133.  Time  underwater  during  for- 
aging trips  varied  from  3 1 to  84%  of  the  time 
at  sea,  but  in  60%  of  the  trips  {n  — 20)  the 
birds  foraged  underwater  more  than  70%  of 
the  time.  Within  a feeding  trip,  dive  duration 
and  recovery  time  were  variable,  with  CV 
ranging  from  13  to  54%  and  20  to  252%  for 
dive  duration  and  recovery  time,  respectively. 

Foraging  areas. — Both  telemetry  and  ob- 
servational data  indicated  that  Neotropic  Cor- 
morants from  Isla  Vernaci  Sudoeste  fed  in  in- 
shore and  shallow  waters  (<1.3  km  from  the 
coast  and  <10  m depth)  both  inside  and  out- 
side the  inlet.  We  were  able  to  locate  birds 
while  feeding  inside  the  inlet  on  112  occa- 
sions (52%,  11  = 215).  However,  we  did  not 
receive  a signal  on  103  occasions  (48%,  n = 
215)  while  the  birds  were  absent  from  the  col- 
ony. Both  tagged  and  untagged  individuals 
were  observed  outside  the  inlet  diving  in  in- 
shore waters  in  small  bays  located  at  both 
sides  of  its  mouth. 

Inside  the  inlet,  7 1 feeding  areas  were  iden- 
tified by  means  of  radio  telemetry  for  68  for- 
aging trips  (three  foraging  trips  included  two 
locations;  Fig.  1).  We  also  observed  four  of 
the  eight  instrumented  birds  feeding  inside  the 
inlet  on  a total  of  six  occasions  (Fig.  1). 
Eighty  seven  percent  of  mapped  locations  {n 
= 71)  were  within  2.5  km  of  the  colony,  near 
the  mouth  of  the  inlet  (Fig.  1).  During  a single 
trip,  cormorants  almost  invariably  used  the 
same  foraging  area;  on  only  2 of  the  68  trips 
did  the  birds  change  foraging  sites. 

DISCUSSION 

Diving  behavior. — Our  study  presents  the 
first  description  of  the  diving  behavior  of  the 
Neotropic  Cormorant  in  marine  waters.  Our 
results  show  that  Neotropic  Cormorants  dive 
near  the  coast  in  shallow  waters.  The  diving 
pattern  consisted  of  extremely  short  dives  not 
exceeding  20  sec  in  97%  of  the  recorded 


dives,  followed  by  short  intervals  at  the  sur- 
face. Morrison  et  al.  (1978)  reported  a similar 
diving  pattern  for  adult  Neotropic  Cormorants 
foraging  in  a freshwater  pond  in  Texas,  USA. 
Diving  durations  and  recovery  times  of  the 
Neotropic  Cormorant  were  markedly  shorter 
than  those  of  Rock  Shags  (Phalacrocorax  ma- 
gellaniciis)  and  Imperial  Cormorants  {Phala- 
crocorax atriceps)  breeding  in  the  same  study 
area.  Neotropic  Cormorants  performed  shorter 
dives  (18.9  sec  compared  to  47.2  and  94.8  sec 
for  Rock  Shags  and  Imperial  Cormorants,  re- 
spectively) and  spent  shorter  intervals  at  the 
surface  (6.7  sec  compared  to  15.5  and  163.6 
sec  for  the  Rock  Shag  and  Imperial  Cormo- 
rant, respectively)  (Quintana  1999,  Quintana 
et  al.  2002a,  Sapoznikow  and  Quintana  2003; 
FQ  unpubl.  data). 

While  Rock  Shags  and  Imperial  Cormo- 
rants show  a diving  pattern  that  is  character- 
istic of  bottom  feeders  (Quintana  1999,  Quin- 
tana et  al.  2002a,  Sapoznikow  and  Quintana 
2003;  FQ  unpubl.  data),  the  Neotropic  Cor- 
morant shows  a more  flexible  diving  strategy. 
Wilson  and  Wilson  (1988)  suggested  that  be- 
sides physiological  constraints  related  to  body 
mass,  differences  in  diving  behavior  could  re- 
flect variation  in  features  of  foraging  areas 
such  as  bathymetry,  bottom  topography,  water 
turbidity,  and  type  and/or  availability  of  prey. 
Because  our  data  from  Rock  Shags  and  Im- 
perial Cormorants  also  come  from  adult  birds 
feeding  within  Caleta  Malaspina  during  the 
same  part  of  the  season,  differences  in  envi- 
ronmental characteristics  of  foraging  areas  do 
not  seem  to  be  a plausible  explanation  for  dif- 
ferences in  diving  behavior.  Rather,  differenc- 
es in  diving  depths,  foraging  techniques,  and 
diet  may  best  explain  dissimilar  diving  pat- 
terns found  among  these  three  sympatric  spe- 
cies. 

In  our  study  area.  Neotropic  Cormorants 
have  been  observed  foraging  individually  as 
well  as  in  flocks  (FQ  pers.  obs.);  Imperial  Cor- 
morants seldom  engage  in  group  foraging  and 
Rock  Shags  always  forage  alone  (Quintana  et 
al.  2002a,  Punta  et  al.  2003).  In  addition,  even 
when  pursuit  diving  appears  to  be  the  usual 
feeding  behavior.  Neotropic  Cormorants  have 
been  observed  foraging  in  flocks  by  plunge- 
diving in  very  shallow  and  coastal  waters 
(Duffy  et  al.  1986,  Humphrey  and  Rasmussen 
1988;  FQ  pers.  obs).  Similar  foraging  tech- 
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niques  for  Neotropic  Cormorants  also  have 
been  observed  in  Puerto  Deseado,  Santa  Cruz, 
Argentina  (R  A.  Gandini  and  E.  Frere  pers. 
comm.).  In  accordance  with  the  more  flexible 
foraging  strategy  shown  by  Neotropic  Cor- 
morants in  our  study  area,  preliminary  data 
suggest  that  their  diet  includes  a higher  pro- 
portion of  surface-schooling  fish  than  that  of 
the  other  two  cormorant  species  (Malacalza  et 
al.  1994,  1997;  Gosztonyi  and  Kuba  1998; 
Punta  et  al.  2003;  FQ  and  PY  unpubl.  data). 
The  high  within-trip  variability  in  dive  dura- 
tion and  recovery  time  found  in  Neotropic 
Cormorants  in  this  study  is  congruent  with 
their  flexible  foraging  techniques  and  diet.  In 
Caleta  Malaspina,  Neotropic  Cormorants  ap- 
pear to  spend  time  searching  for  sheltered,  but 
predictable,  bottom-dwelling  prey  as  well  as 
pelagic  schooling  fish  when  they  occur  in  the 
area.  This  probably  results  in  the  variability  in 
their  diving  parameters.  A theoretical  model 
developed  by  Gremillet  and  Wilson  (1999)  for 
the  Great  Cormorant  (Phalacrocorax  carbo) 
predicts  that  cormorant  diving  parameters  are 
most  strongly  influenced  by  prey  availability. 

Foraging  areas. — Neotropic  Cormorants 
often  foraged  within  Caleta  Malaspina  in  an 
area  close  to  the  colony  at  the  mouth  of  the 
inlet.  We  did  not  detect  radio  signals  almost 
half  of  the  time  birds  were  absent  from  the 
colony,  suggesting  that  the  cormorants  also 
regularly  forage  outside  the  inlet.  In  some  of 
these  cases,  however,  birds  may  have  been 
feeding  in  areas  behind  islands  or  in  small 
bays  hidden  behind  elevated  terrain,  which  in- 
terfered with  signal  transmission.  This  was 
confirmed  in  several  cases  through  direct  ob- 
servation of  tagged  individuals  and  simulta- 
neous radio-tracking.  Observations  along  the 
outer  coasts  of  the  inlet  revealed  that  birds 
forage  in  inshore  waters  of  small  bays. 

Foraging  activity  was  concentrated  in  spe- 
cific coastal  sections  of  Caleta  Malaspina, 
mostly  at  the  mouth  of  the  inlet;  we  rarely 
observed  foraging  at  the  inland  end  of  the  in- 
let. Birds  there  generally  foraged  in  mixed 
feeding  Hocks,  likely  taking  advantage  of  pe- 
lagic prey  which  had  moved  into  that  part  of 
the  inlet.  Neotropic  Cormorants  also  regularly 
occur  in  association  with  the  commercial  har- 
vesting activities  of  macroalgae,  as  the  har- 
vesting sledge  stirs  the  ocean  bottom  and  like- 
ly makes  bottom  lishes  more  accessible  to  the 


birds  (H.  Hernandez  pers.  comm.).  This  and 
other  activities,  such  as  mariculture  and  oc- 
casional guano  harvesting  from  Imperial  Cor- 
morant colonies,  also  likely  affect  the  foraging 
behavior  and  spatial  distribution  of  Neotropic 
Cormorants.  Our  study  on  foraging  patterns 
and  locations  should  help  in  the  definition  of 
spatial  and  temporal  harvest  zoning  schemes 
and  help  prevent  modification  of  key  feeding 
habitats. 
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PHENOLOGY,  HABITAT  USE,  AND  NESTING  OF  THE 
RED-BREASTED  CHAT  {GRANATELLUS  VENUSTUS) 

JORGE  H.  VEGA  RIVERA,'  ^ EERNANDO  ALVARADO,'  J.  MANUEL  LOBATO,' 

AND  PATRICIA  ESCALANTE^ 


ABSTRACT. — From  March  1999  to  August  2000,  we  conducted  monthly  mist  netting  in  the  Chamela-Cuix- 
mala  Biosphere  Reserve,  Jalisco,  Mexico  to  document  the  phenology  and  habitat  use  of  the  Red-breasted  Chat 
{Granatellus  veniistiis).  We  collected  information  on  its  nesting  biology  during  the  breeding  season  of  2001. 
Chats  {n  = 116)  were  caught  throughout  the  18  months  of  the  study;  however,  far  fewer  captures  occurred 
during  the  dry  season  than  during  the  wet  season.  Our  capture  data  revealed  that  chats  made  greater  use  of 
deciduous  {n  = 88)  than  semi-deciduous  forest  {n  = 28);  there  were  no  interactions  among  forest  type,  season, 
and  gender.  Birds  in  breeding  condition  were  captured  June-September  and  molting  birds  were  captured  August- 
October.  We  found  10  cup-shaped  nests  in  June  and  July.  Nests  were  48-103  cm  above  ground  in  saplings  <2 
m high.  Clutch  size  was  3-4  and  only  the  female  incubated.  The  incubation  period  was  14  days,  and  we  estimated 
the  nestling  period  to  be  approximately  8-10  days.  Of  eight  nests  found  with  eggs  or  young,  three  were  dep- 
redated during  the  egg  stage,  three  during  the  nestling  stage,  and  two  were  successful.  Received  29  June  2003, 
accepted  18  March  2004. 


The  New  World  genus  Granatellus  includes 
three  species  that  occur  in  southwestern  Mex- 
ico (Red-breasted  Chat,  Granatellus  venus- 
tus),  southern  Mexico  and  northeastern  Cen- 
tral America  (Gray-throated  Chat,  G.  sallaei), 

' and  the  Amazonian  lowlands  of  South  Amer- 
I ica  (Rose-breasted  Chat,  G.  pelzelni)  (Sibley 
and  Monroe  1990).  The  conservation  signifi- 
cance of  these  species  is  high  because  of  their 
relatively  restricted  range,  but  virtually  no  de- 
tails of  their  life  history  are  known.  Also,  the 
systematic  position  of  the  genus  is  uncertain 
(Lovette  and  Bermingham  2002).  There  is 
only  one  description  of  a nest  of  the  frances- 
cae  group  of  G.  venustus  from  the  Tres  Marias 
Islands  (Grant  1964),  and  a recent  description 
of  two  nests  of  Gray-throated  Chats  (Salgado- 
1 Ortiz  et  al.  2001 ). 

' I'he  Red-breasted  Chat  is  endemic  to  the 
1 tropical  deciduous  and  semi-deciduous  forest 
I of  western  Mexico  from  northern  Sinaloa 
I south  to  Chiapas  (American  Ornithologists’ 

I Union  1983).  Schaldach  (1963:81)  included 
Red-breasted  Chats  “among  the  rarest  birds  of 
the  Pacific  slope  of  Mexico”;  Alvarez  del 
I Toro  (1980)  described  them  as  uncommon  in 
' Chiapas  and  Ornelas  et  al.  (1993)  observed 

I 

I 

' F^.stacion  dc  Biologfa  C’hamcla.  Inst,  do  Biologfa. 
UN  AM.  Apt.  21  San  Patricio,  Jalisco.  48980.  Mexico. 
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chats  only  twice  during  2 years  of  work  in  the 
region  of  Chamela,  Jalisco.  Its  relatively  lim- 
ited distribution,  the  lack  of  information  on  its 
basic  biology,  and  the  fact  that  it  inhabits  an 
endangered  ecosystem  (Janzen  1988,  Lerdau 
et  al.  1991)  made  the  Red-breasted  Chat  a pri- 
ority species  for  study.  Here,  we  report  on  its 
phenology  and  habitat  use.  We  also  provide 
the  first  complete  description  of  nest  and  eggs, 
and  some  details  on  nesting  biology. 

METHODS 

We  conducted  our  study  at  the  Chamela  Bi- 
ological Station  (3,300  ha),  which  is  part  of 
the  Chamela-Cuixmala  Biosphere  Reserve 
(hereafter,  the  Reserve),  Jalisco,  Mexico  (19° 
22'  to  19°  35'  N and  104°  56'  to  105°  03'  W). 
Weather  there  is  strongly  seasonal  with  dis- 
tinct rainy  (June  to  October)  and  dry  seasons. 
The  Reserve  (13,300  ha)  is  covered  predom- 
inantly by  undisturbed  deciduous  forest  on 
dry  hillsides,  with  patches  of  semi-deciduous 
forest  extending  along  arroyo  floodplains 
(Lott  et  al.  1987).  Within  the  Reserve,  24  bird 
species  endemic  to  Mexico  have  been  record- 
ed; of  those,  20  are  endemic  to  western  Mex- 
ico (Arizmendi  et  al.  1990).  See  Vega  Ri\era 
et  al.  (2003)  for  a detailed  description  of  the 
study  area. 

From  March  1999  to  August  2000,  we  con- 
ducted monthly  mist  netting  along  four  3-km- 
long  trails,  separated  from  each  other  by  1 km. 
file  tlominant  vegetation  types  were  decidu- 


90 


THE  WILSON  BULLETIN  • Vol.  116,  No.  I,  March  2004 


OLis  in  = 2)  and  semi-deciduous  {n  = 2)  for- 
est. Every  month  for  3 consecutive  days  and 
5 hr/day,  we  placed  12  mist  nets  (12  m X 2.5 
m,  6-mm  mesh)  along  each  trail;  nets  were 
separated  by  100  m.  Each  chat  we  captured 
was  banded  with  numbered  aluminum  bands 
and  processed  for  body  mass  (to  0.1  g with  a 
50  g Pesola  spring  scale),  bill  and  tarsus 
lengths  (to  0.05  mm  using  dial  calipers),  and 
length  of  unflattened  wing  chord  (to  0.5  mm 
using  a flat-ended  15-cm  ruler).  We  deter- 
mined whether  chats  were  in  breeding  condi- 
tion by  evaluating  the  presence  of  cloacal  pro- 
tuberance or  brood  patch.  Age  was  evaluated 
by  plumage  and,  for  hatch-year  birds,  by  the 
presence  of  unpneumaticized  areas  in  the 
skull. 

Erom  May  to  August  2001,  we  walked 
along  trails  looking  for  singing  males.  Once 
we  identified  a male’s  territory,  we  searched 
intensively  for  the  nest.  Nest-building,  food- 
delivery,  and  alarm  behaviors  were  used  to 
help  us  locate  nests.  Nests  were  visited  every 
3 days  until  clutch  completion;  nests  with 
complete  clutches  were  visited  every  day  until 
hatching.  We  measured  and  weighed  chicks  2 
days  after  the  last  chick  had  hatched.  Nests 
were  measured  after  fledging. 

We  assessed  habitat  use  (deciduous  versus 
semi-deciduous  forest;  dry  versus  rainy  sea- 
sons) and  quality  by  examining  chat  abun- 
dance, age  ratio,  yearly  persistence,  and  body 
mass  corrected  for  wing  length.  Yearly  persis- 
tence was  calculated  as  the  proportion  of  chats 
marked  during  the  breeding  season  (June  to 
September)  that  were  recaptured  in  the  study 
site  during  the  dry  months  of  January  to  April. 

We  used  nonparametric  Mann-Whitney  U- 
tests  (MINITAB,  Inc.  1996)  to  compare  cap- 
tures between  seasons  and  to  determine  gen- 
der differences  in  mass  and  wing  chord.  We 
tested  the  null  hypothesis  of  mutual  indepen- 
dence among  variables  (forest  type  X season 
X gender)  by  a chi-square  three-way  test  of 
independence.  Since  the  hypothesis  was  not 
rejected,  we  did  not  test  for  partial  indepen- 
dence (Zar  1996:507).  Statistical  significance 
was  set  at  a < 0. 1 . All  values  are  reported  as 
mean  ± SD. 


RESULTS 

Phenology. — We  captured  1 16  chats  (first 
captures  only)  during  the  18-month  period  of 


Month  (1999-2000) 


FIG.  I.  Monthly  distribution  of  captures  of  adult 
Red-breasted  Chats  (A),  proportion  of  birds  in  breed- 
ing condition  (B),  proportion  of  birds  molting  (C),  and 
precipitation  (D)  in  the  Chamela-Cuixmala  Biosphere 
Reserve,  Jalisco,  Mexico,  1999-2000. 


mist  netting.  Of  those,  21  were  hatch-year 
(HY)  birds  and  95  were  after-hatch-year  birds 
(54  males  and  41  females).  Monthly  captures 
(including  recaptures)  differed  between  sea- 
sons (Fig.  lA).  From  May  to  September 
(breeding  season),  the  average  number  of  cap- 
tures per  month  was  14.0  ± 10.0,  whereas 
during  the  rest  of  the  year  (non-breeding  sea- 
son) it  was  3.0  ± 2.6  (Mann-Whitney  f/-test, 
U = 46,  P = 0.034).  Chats  in  breeding  con- 
dition were  captured  from  June  through  Sep- 
tember in  — 50),  with  the  proportion  of  birds 
in  breeding  condition  peaking  in  July  (Fig. 
IB).  Females  tended  to  move  longer  distances 
between  yearly  recaptures  (300  ± 386  m)  than 
males  (1 15  ± 109  m;  f/  = 860,  df  = 54,  P - 
0.092).  Eight  males  and  five  females  captured 
during  the  1999  nesting  season  were  recap- 
tured in  the  same  nets  the  following  nesting 
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season  (2000).  All  birds  captured  from  De- 
j cember  through  February  (n  = 8)  were  HY 
and  second-year  males,  and  all  HY  birds  (/?  = 
2 1 ) were  captured  September-December. 

Based  on  13  adult  chats  captured  during 
molt,  a complete  prebasic  molt  occurred  from 
' August  to  October.  Seven  molting  HY  birds 
were  captured  in  September  and  October  (Fig. 
f 1C);  from  four  individuals  recaptured  after 
i their  second  prebasic  molt,  we  confirmed  that 
\ immatures  attain  adult  plumage  by  the  second 
j prebasic  molt.  In  May,  we  captured  four  chats 
j with  light  molt  on  the  neck  and  head. 

I;  Habitat  use. — Significantly  more  individu- 
als were  captured  in  the  deciduous  forest  {n 
= 88)  than  the  semi-deciduous  forest  {n  = 28) 
and  there  were  no  interactions  among  forest 
type,  season,  and  gender  (y^  = 8.04,  df  = 4, 
P > 0.10).  Yearly  persistence  was  lower  in  the 
\ deciduous  (0.11)  than  in  the  semi-deciduous 
j forest  (0.14),  but  small  sample  sizes  during 
the  dry  months  (seven  and  three,  respectively) 
! precluded  us  from  conducting  a statistically 
j meaningful  analysis.  No  differences  occurred 
■ in  corrected  body  mass  for  individuals  cap- 
tured in  deciduous  (0.21  ± 0.002)  versus 
semi-deciduous  forests  (0.20  ± 0.003;  U = 
6,469,  P = 0.63).  Corrected  body  mass  was 
lower  during  the  dry  season  (0.20  ± 0.001) 
than  in  the  rainy  season  (0.22  ± 0.002;  U = 
3,353,  P < 0.01). 

Nesting  biology. — We  found  10  nests  in 
July,  in  both  deciduous  (/?  = 8)  and  semi-de- 
ciduous  (//  ==  2)  forest.  Nests  were  attached  to 
a horizontal  fork  formed  by  two  or  three  twigs 
(4.3  ± 0.2  mm  diameter)  in  saplings  141  ± 
26  cm  high  (range:  82-175  cm)  and  16  ± 1.3 
mm  dbh  of  Euphorbiaceae  {Croton  piranii- 
clalis),  Myrsinaceae  (Arc/isia  spp.),  Rubiaceae 
{Ranclia  spp.),  Acanthaceae,  and  Cappareceae. 
Mean  nest  height  above  the  ground  was  73  ± 
19  cm  (range:  48-103  cm). 

The  cup-shaped  nests  had  very  thin  walls; 
eggs  were  visible  through  some  areas  of  the 
walls.  Primary  materials  used  in  nest  con- 
struction were  Spanish  moss  CPillandsia  spp.). 
thin  (<l  mm)  tendrils  of  Cucurbitaceae,  inflo- 
rescences of  Ixissiasis  spp.,  thin  dark  libers, 
and  spider  silk;  nests  were  lined  with  the  finer 
materials.  Fiber-like  epiphytes  (Spanish  moss) 
hung  20-30  cm  below  the  main  nest  cup,  ob- 
scuring nest  outlines  and  making  nests  t|uite 
cryptic.  Mean  nest  depth  was  4.7  ± 0.3  c!ii 


TABLE  1.  Morphological  measurements  (mm) 
and  mass  (g)  of  10-day-old  Red-breasted  Chat  nest- 
lings (n  = 6)  and  adults  (n  = 85)  in  the  Chamela- 
Cuixmala  Biosphere  Reserve,  Jalisco,  Mexico,  1999- 
2000. 


Nestlings 

Adults^ 

Mass 

9.1  ± 0.7 

12.1  ± 1.0 

Wing  chor(j 

34.1  ± 2.4 

57.1  ± 2.3 

Tarsus 

18.5  ± 0.8 

19.8  ± 0.6 

Culmen 

4.2  ± 0.4 

12.3  ± 1.9 

“ Red-breasted  Chats  showed  significant  gender  differences  in  mass 
(male;  12.17  ± 0.82;  female:  1 1.75  ± 0.90;  Mann-Whitney  test.  U = 3,021. 
df  = 56,  72,  P < 0.014)  and  wing  chord  (male:  58.30  ± 1.89;  female; 
55.42  ± 1.75;  U = 2.156.  df  = 56.  72.  P < 0.01). 

and  mean  inner  rim  diameter  was  5.2  ± 0.9 
cm. 

We  found  one  nest  before  egg  laying,  six 
during  incubation,  one  with  nestlings,  and  two 
with  pieces  of  eggshell.  Eggs  averaged  18.6 
± 0.2  mm  (range:  17-20  mm)  by  14.3  ± 0.2 
(range:  13-17  mm);  eggs  were  white  with 
smooth  surfaces.  Only  females  were  observed 
incubating;  males  spent  most  of  the  time  sing- 
ing nearby.  Both  females  and  males  were  ex- 
tremely wary  and  typically  they  departed 
when  we  approached  the  nest.  Ba.sed  on  the 
nest  found  before  egg  laying,  chats  laid  one 
egg  per  day  until  clutch  completion  (four 
eggs);  the  incubation  period  lasted  14  days. 

Just-hatched  chicks  were  without  feathers 
and  had  their  eyes  closed.  At  3 days  of  age, 
nestlings  had  visible  pinfeathers  on  their  dor- 
sal and  ventral  tracts;  rectrices  and  remiges 
barely  protruded  at  this  stage.  At  10  days, 
feathers  in  all  regions  were  breaking  sheaths; 
rectrices  and  remiges  were  almost  entirely  in 
sheaths.  Primaries  and  secondaries  were 
brown-gray,  and  primary  and  secondary  co- 
verts were  gray  w ith  pale-brown  margins  (see 
Table  I for  measurements  and  weights). 

Both  males  and  females  fed  nestlings;  dur- 
ing the  first  few  days  of  brooding,  males  pre- 
sented food  to  females,  who  then  fed  the 
young.  Young  fledged  at  8-10  days  of  age.  but 
this  may  be  an  underestimate  of  fledging  age 
due  to  our  acti\  ities  at  nests.  Of  seven  nests 
found  w ith  eggs  aiul  one  w ith  nestliiigs.  young 
fledgetl  from  only  two;  three  nests  with  eggs 
and  three  with  young  were  tleprcdatc(.i. 

DESCTi.SSION 

.Survey  tlata  suggest  that  Rctl-breastcd 
C'hats  are  imcommon  along  the  Pacific  slope 
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(Schaldach  1963)  and  in  our  study  area  (Hutto 
et  al.  1985;  Hutto  1989,  1994;  Ornelas  et  al. 

1993) .  According  to  our  data,  chats  are  per- 
manent residents  in  the  Chamela-Cuixmala 
Biosphere  Reserve,  where  they  were  very 
common  during  the  breeding  season  and  un- 
common the  rest  of  the  year.  We  do  not  know 
whether  our  data  reveal  real  changes  in  the 
abundance  of  this  species,  or  reflect  the  great- 
er effort  of  this  study.  Nevertheless,  it  is  puz- 
zling that  far  fewer  birds  were  captured  during 
part  of  the  dry  season.  This  pattern  suggests 
either  that  the  birds  may  become  less  suscep- 
tible to  trapping,  or  that  at  least  part  of  the 
population  may  migrate  locally  to  higher  el- 
evations (American  Ornithologists’  Union 
1983)  or  habitats  not  sampled  during  this 
study  (e.g.,  second-growth  forest).  Ornelas  et 
al.  (1993)  suggested  that  the  low  detectability 
of  this  and  other  species  in  Chamela  was  ei- 
ther because  they  were  rare  or  because  they 
preferred  more  humid  habitats.  However,  as 
we  showed  earlier,  this  species  was  neither  un- 
common, nor  did  it  seem  to  prefer  the  more 
humid,  semi-deciduous  habitats.  Low  num- 
bers recorded  for  this  species  could  be  due  to 
its  preference  for  second-growth  habitats  dur- 
ing the  dry  season.  However,  Hutto  (1989, 

1994)  did  not  find  chats  in  his  study  sites  out- 
side the  Reserve;  he  reported  chats  occurring 
only  in  the  “undisturbed”  forest  of  the  Re- 
serve. It  is  evident  that  long-term  studies  are 
necessary  to  understand  the  spatial  and  tem- 
poral distribution  of  birds  historically  regard- 
ed as  sedentary  (Winker  et  al.  1997). 

For  the  chat  and  other  passerines,  the  end 
of  the  dry  season  seems  to  mark  the  beginning 
of  the  breeding  season  (Ornelas  et  al.  1993; 
JHVR  unpubl.  data).  Although  the  first  chats 
in  breeding  condition  were  captured  in  June, 
other  activities  such  as  territory  selection  and 
settlement,  mate  selection  by  females,  nest- 
site  selection,  and  construction  of  the  nest, 
may  have  been  initiated  earlier.  The  Yellow- 
green  Vireo  {Vireo  flavoviridis),  a species  that 
migrates  from  South  America  to  breed  in  the 
Reserve,  shows  the  same  pattern;  it  arrives  in 
the  Reserve  in  May,  but  the  first  birds  in 
breeding  condition  appear  in  June  (JHVR  un- 
publ. data).  In  Chamela,  insect  production 
starts  after  the  first  rains  (Lister  and  Garcia 
1992).  which  in  the  years  of  our  study  oc- 
curred in  late  June  (Fig.  ID). 


Nests  of  the  Red-breasted  Chat  resemble 
those  described  for  the  insular  subspecies,  G. 
V.  frcmcescae  (Grant  1964),  and  the  Gray- 
throated  Chat  (Salgado-Ortiz  et  al.  2001 ).  Nest 
dimensions  and  location  are  similar,  but  nei- 
ther Grant  (1964)  nor  Salgado-Ortiz  et  al. 
(2001)  mentioned  material  hanging  from  the 
cup.  Salgado-Ortiz  et  al.  (2001)  reported  that 
only  females  build  the  nest  and  incubate  eggs; 
they  also  indicated  that  a complete  clutch  con- 
tains two  eggs,  whereas  most  of  our  nests  had 
four  eggs.  We  believe  that  this  difference  may 
not  be  real,  because  they  found  only  one  nest 
with  a complete  clutch. 

Worldwide,  tropical  deciduous  forest  may 
be  the  most  endangered  major  tropical  eco- 
system (Janzen  1988).  In  Mexico,  only  21% 
of  the  original  cover  of  tropical  deciduous  for- 
est remained  in  1990,  and  less  than  10%  of 
the  area  covered  with  deciduous  forest  is  now 
under  some  type  of  protection  (Trejo  and  Dir- 
zo  2000).  Stotz  et  al.  (1996)  stated  that  severe 
habitat  disturbance  in  most  dry-forest  zones  in 
the  Neotropics  has  greatly  affected  birds  that 
are  deciduous-forest  specialists.  They  identi- 
fied the  Red-breasted  Chat  as  one  of  eight 
“indicator”  species  for  conserving  tropical 
deciduous  forest  of  the  Pacific  lowlands  in 
Mexico.  Currently,  this  forest  type  is  only  pro- 
tected in  the  Chamela-Cuixmala  Biosphere 
Reserve.  We  hope  the  information  we  provide 
here  will  aid  in  conservation  efforts  for  this 
species  and  its  habitat. 
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Intraspecific  Brood  Parasitism  in  the  Northern  Flicker 

Allen  R.  Bower'  and  Danny  J.  Ingold^-^ 


ABSTRACT. — Although  intraspecific  brood  parasit- 
ism is  common  in  many  bird  species,  including  several 
secondary  cavity-nesting  birds,  it  does  not  appear  to 
have  been  reported  in  woodpeckers.  We  report  a case 
of  intraspecific  brood  parasitism  in  the  Northern  Flick- 
er (Colaptes  aiiratus)  in  which  six  to  eight  eggs  were 
dumped  into  the  host  nest  box  during  a 2-  to  3-week 
period.  We  estimate  that  the  host  female  laid  a clutch 
of  8 to  10  eggs,  and  at  the  end  of  the  nestling  period 
we  confirmed  that  16  flicker  eggs  had  been  laid  in  the 
nest  box.  This  instance  of  egg-dumping  by  a floater 
female  or  another  resident  female  in  the  same  territory 
or  on  an  adjacent  territory,  could  have  been  facilitated 
by  a lack  of  suitable  nest  sites  in  the  area  coupled  with 
intense  nest-site  competition  from  European  Starlings 
{Stunnis  vulgaris).  Received  16  October  2003,  accept- 
ed 24  March  2004. 


Intraspecific  brood  parasitism  occurs  in  a 
wide  variety  of  bird  species  (Yom-Tov  1980, 
Petrie  and  Moller  1991,  Zink  2000,  Andersson 
and  Aehring  2001),  and  has  been  documented 
in  several  secondary  cavity-nesting  species  in- 
cluding European  Starlings  {Stiirnus  vulgaris', 
Romagnano  et  al.  1990,  Pinxten  et  al.  1993, 
Sandell  and  Diemer  1999),  House  Wrens 
{Troglodytes  aedotv.  Pieman  and  Belles-Isles 
1988),  Tree  Swallows  {Tachycineta  bicolor, 
Lombardo  1988),  Eastern  Bluebirds  {Sicilia 
sialis'.  Meek  et  al.  1994),  Wood  Ducks  {Aix 
spofisa',  Semel  and  Sherman  2001),  and  Com- 
mon Goldeneyes  {Biicephala  c languid',  Poysa 
1999).  However,  documentation  of  intraspe- 
cific brood  parasitism  (e.g.,  egg-dumping  by 
a conspecific)  in  primary  cavity-nesting  birds 
such  as  woodpeckers  appears  to  be  absent 
from  the  literature.  Wiebe  (2002)  reported  an 
instance  of  classical  polyandry  in  the  North- 
ern Flicker  {Colaptes  auratiis)  in  which  a fe- 
male attended  two  nests  concomitantly,  but 
there  was  no  evidence  of  brood  parasitism.  In- 
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traspecific  egg-dumping  in  cavity-nesting 
birds,  including  primary  cavity  nesters  such  as 
flickers,  may  be  common  since  suitable  nest 
sites  are  often  in  short  supply  (see  Brown 
1984,  Raphael  and  White  1984,  Emlen  and 
Wrege  1986,  Pieman  and  Belles-Isles  1988,  Li 
and  Martin  1991).  Here,  we  report  an  apparent 
instance  of  intraspecific  brood  parasitism  in  a 
primary  cavity-nesting  species,  the  Northern 
Flicker.  Since  the  flicker  pair  in  question  was 
not  color  banded,  and  because  we  did  not  con- 
duct a genetic  parentage  analysis,  we  cannot 
be  absolutely  certain  that  egg  dumping  oc- 
curred. There  is  a remote  possibility  that  the 
paired  female  may  have  laid  more  than  one 
egg  per  day,  although  this  has  never  been  re- 
ported before  in  any  woodpecker  species  (see 
Moore  1995). 

All  observations  and  nest  checks  in  this 
study  were  made  by  ARB.  He  observed  a pair 
of  nesting  Northern  Flickers  at  a nest  box  in 
his  back  yard  in  Britton,  Lenawee  County, 
Michigan,  from  8 May  to  4 July  2003.  The 
nest  box  was  erected  on  a pole  at  a height  of 
4.4  m,  angled  slightly  downward  (for  box  di- 
mensions see  Bower  1994),  and  was  situated 
in  a semi-open  area  about  35  m from  the  back 
door  of  his  residence.  Flickers  are  considered 
weak  excavators  (Harestad  and  Keisker  1989, 
Winkler  et  al.  1995),  and  sometimes  use 
wooden  boxes  for  nesting  (Bent  1964,  Bower 
1995,  Ingold  1998).  Since  European  Starlings 
frequently  compete  with  flickers  for  nest  cav- 
ities and  boxes  (Kerpez  and  Smith  1990,  In- 
gold 1998),  a nest  box  with  a smaller  entrance 
opening  (5  cm  diameter)  designed  to  live-trap 
starlings  was  placed  on  a pole  at  the  same 
height,  5 m away.  This  box  was  erected  to  lure 
starlings  away  from  the  neighboring  flicker 
box.  To  further  discourage  starlings  and  attract 
flickers,  the  flicker  nest  box  was  completely 
filled  with  pine  woodchips,  thus  preventing 
starling  entry  and  allowing  the  flickers  to  “ex- 
cavate” a cavity  in  the  box. 

On  8 May,  a pair  of  Northern  Flickers  be- 
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FIG.  1.  Nesting  chronology  of  a Northern  Flicker  pair  in  Lenawee  County,  Michigan,  2003,  in  which 
intraspecific  brood  parasitism  occurred  during  a period  of  2.5  weeks.  Total  number  of  eggs  and  nestlings  found 
in  the  nest  box  on  a given  day  are  indicated  next  to  bars.  Because  it  was  unclear  on  8,  13,  and  25  June  what 
proportion  of  the  eggs  and  nestlings  were  attributable  to  the  host  versus  the  parasite,  we  did  not  attempt  to 
indicate  this  on  the  graph.  It  was  also  unclear  whether  the  dead  chick  resulted  from  an  egg  that  was  dumped  or 
laid  by  the  host. 


gan  excavating  woodchips  from  the  flicker 
box;  they  had  taken  up  residency  in  the  box 
by  1 1 May,  although  egg-laying  had  not  be- 
gun. Between  1 1 and  15  May,  the  flicker  pair 
was  evicted  twice  by  starlings,  in  spite  of  the 
starling  box  trap  located  nearby.  After  each 
eviction,  the  flicker  box  was  repacked  with 
pine  chips  to  discourage  the  starlings  and  en- 
courage the  flickers  to  excavate  again.  By  22 
May,  a flicker  pair  had  taken  up  residency  in 
the  nest  box  again,  although  the  contents  of 
the  box  were  not  examined  on  this  day.  On 
the  afternoon  of  24  May,  three  flicker  eggs 
were  found  in  the  box,  suggesting  that  egg- 
laying  was  initiated  on  22  May.  On  29  May, 
8 days  after  the  initiation  of  egg-laying,  1 1 
eggs  were  found  in  the  nest  box  (Fig.  1).  Al- 
though clutch  sizes  can  range  from  3 to  13 
eggs  (see  Moore  and  Koenig  1986,  Winkler  et 
al.  1995,  Wiebe  2003),  female  dickers  lay 
only  one  egg  per  day  (Sherman  1910,  Moore 
1995);  thus  a second  female  dicker  dumped 
at  least  two  and  probably  three  eggs  in  the 
nest  box  between  24  and  29  May  (Fig.  I ). 

ARB  first  observed  apparcfit  incubation  be- 


havior (continuous  sitting)  by  both  a male  and 
female  flicker  on  29  May.  This  was  probably 
the  original  mated  pair,  although  we  cannot  be 
sure  since  the  birds  were  not  marked.  On  2 
June,  12  days  after  the  onset  of  egg-laying,  12 
eggs  were  found  in  the  box  and  a single  bro- 
ken egg  was  found  on  the  ground  beneath  the 
box,  possibly  having  been  removed  by  the 
host  pair  (removal  was  not  documented). 
wSince  the  birds  initiated  incubation  about  5 
days  earlier,  it  is  possible  that  a second  female 
flicker  dumped  an  additional  egg  (the  egg  on 
the  ground)  or  two  (the  one  in  the  box)  be- 
tween 29  May  and  2 June.  However,  since 
flicker  incubation  typically  begins  with  the 
penultimate  egg  (second-to-last;  K.  L.  Wiebe 
pers.  comm.),  we  assigned  one  of  the  two  eggs 
to  the  resident  female  (egg  laid  on  30  May), 
and  assumed  that  the  other  was  tiumped  be- 
tween 30  May  and  2 June,  rhirtcen  llickei 
eggs  were  found  in  the  box  on  both  4 and  (i 
June,  well  after  the  onset  of  incubation,  indi- 
cating that  another  egg  had  been  tIumped  in 
the  host  box  (Fig.  I ).  On  8 June,  seven  l-tlay- 
okl  flicker  nesflings.  six  unhatchetl  eggs  and 
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a single  dead  nestling  were  found  in  the  box. 
This  indicates  that  by  7 or  8 June,  an  addi- 
tional egg  was  dumped  into  the  host  box  since 
only  13  eggs  were  present  on  6 June  (Fig.  1). 
On  13  June,  there  were  nine  nestlings  about  6 
days  old  and  five  unhatched  eggs  (which  were 
then  removed).  Since  a single  dead  nestling 
had  been  removed  on  8 June,  our  findings  of 
13  June  suggest  that  an  additional  egg  had 
been  dumped  into  the  box  between  8 and  13 
June  (nine  nestlings,  five  eggs,  and  one  nest- 
ling that  died;  Fig.  1).  By  this  point,  15  eggs 
had  been  laid  in  the  host  box,  8 or  9 of  which 
were  likely  laid  by  the  host  female.  The  con- 
tents of  the  box  were  checked  on  several  oc- 
casions between  13  and  24  June  and  on  each 
occasion  all  nine  nestlings  were  present.  On 
25  June,  a large  number  of  mites  were  found 
in  the  nest  box;  subsequently,  the  nestlings 
were  removed  and  placed  in  a new  box  on  the 
same  pole.  Upon  examining  the  remaining 
nest  contents  of  the  original  box,  one  addi- 
tional flicker  egg  was  found  buried  in  the 
woodchips.  Thus,  a total  of  16  eggs  had  been 
laid  in  the  nest  box  during  this  reproductive 
effort  with  at  least  6 and  perhaps  as  many  as 
7 or  8 eggs  having  been  dumped  by  at  least 
one  additional  female.  Between  26  June  and 
4 July  all  nine  nestlings  fledged. 

Additional  evidence  suggesting  that  an  ex- 
tra-pair flicker  may  have  dumped  eggs  into  the 
resident  flicker  pair’s  nest  box  occurred  on  9 
June,  when  a female  flicker  landed  on  the  roof 
of  the  nest  box.  This  individual  put  on  a con- 
spicuous display  by  fanning  her  tail  feathers 
and  raising  the  feathers  on  the  top  of  her  head. 
When  she  peered  into  the  nest  box,  the  male 
that  was  in  the  box  brooding  the  nestlings  ex- 
ited and  aggressively  chased  this  female  to  a 
nearby  tree  and  then  further  pursued  her  more 
than  40  m from  the  box.  About  1 hr  later  a 
female  returned  to  the  box  and  was  again 
chased  from  the  area  by  the  resident  male. 

Intraspecific  brood  parasitism  in  Northern 
Flickers  has  not  been  reported  previously.  As 
in  any  cavity-nesting  species,  it  is  possibly  the 
result  of  a shortage  of  suitable  nest  sites 
(Yom-Tov  1980,  Pieman  and  Belles-Isles 
1988,  Sandell  and  Diemer  1999)  and/or  the 
loss  of  a nest  cavity  during  the  egg-laying  or 
incubation  period  (Yom-Tov  1980).  Ingold 
(1998)  found  that  European  Starlings  prefer  to 
usurp  freshly  excavated  flicker  nest  cavities 


rather  than  use  nearby,  vacant  nest  boxes.  In 
such  instances,  the  benefits  of  intraspecific 
egg  dumping  might  outweigh  the  costs  of  ex- 
cavating a new  cavity  (assuming  a suitable 
nest  site  is  available)  and  starting  the  nesting 
cycle  over.  Wiebe  (2003)  developed  a model 
that  demonstrates  that  even  in  the  face  of  in- 
tense starling  competition,  it  virtually  always 
benefits  flickers  to  nest  early  rather  than  delay 
reproduction,  except  when  the  risk  of  cavity 
usurpation  by  starlings  is  very  high  (~75%). 
In  any  case,  egg-dumping  should  be  a profit- 
able strategy  for  the  brood  parasite  because  its 
young  are  reared  at  no  cost.  The  results  of  this 
study,  in  which  the  resident  female  laid  a 
clutch  of  8 or  9 eggs,  and  ultimately  hatched 
10  chicks,  provide  some  evidence  that  intra- 
specific brood  parasitism  may  be  profitable. 
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Common  Loon  Pairs  Rear  Four-Chick  Broods 

Steven  T.  A.  Timmermans,’’^  G.  Eoin  Craigie,'  and  Kathy  E.  Jones' 


ABSTRACT. — Common  Loons  (Gavia  inuner)  nor- 
mally lay  a single  clutch  of  two  eggs  each  breeding 
season.  They  occasionally  lay  one-  or  three-egg  clutch- 
es, and  rarely,  four-egg  clutches.  Participants  of  the 
Canadian  Lakes  Loon  Survey  provided  seven  indepen- 
dent observations  of  loon  pairs  rearing  four-chick 
broods.  F’hotographic  evidence  confirmed  two  separate 
instances  of  adult  loon  pairs  at  Anglin  Lake,  Saskatch- 
ewan, and  Kasshabog  Lake,  Ontario,  exhibiting  paren- 
tal behavior  toward  a four-chick  brood.  Occurrence  of 
four-chick  broods  may  be  the  result  of  supernumerary 
clutches,  nest  parasitism,  post-hatch  brood  amalgam- 
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ation,  or  a combination  of  these  factors.  Received  R 
July  2003,  accepted  24  March  2004. 


vStiperniimerary  broods,  cither  as  a result  of 
nest  parasitism  by  unrelated  conspeeilies,  su- 
pernumerary clutches,  or  post-hatch  brood 
amalgamation,  are  relatively  etmimon  among 
grebes  (Storer  and  Nuechterlein  1902,  Cullen 
et  al.  1999.  Muller  and  Storer  1999.  Stout  and 
Nuechterlein  1999.  .Steelman  2()()0)  and  water- 
fowl  (Alton  and  Paulus  1992:90,  table  3-21; 
.Sayler  1992).  However,  there  are  few  deKu- 
mented  instances  of  supernumerary  broods  in 
loons  (Barr  et  al.  2()()0),  including  the  me^st 
widely  studied  species,  the  Cemimon  Loon 
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(Gavia  immer,  McIntyre  1988:30,  McNicholl 
1993). 

Common  Loons  are  large,  long-lived  wa- 
terbirds  that  normally  lay  a single  eluteh  of 
two  eggs  eaeh  breeding  season,  although  oe- 
casionally  they  will  lay  one  or,  even  less  fre- 
quently, three-egg  clutches  (Peek  and  James 
1983,  Croskery  1991,  McIntyre  and  Barr 
1997).  The  frequeney  of  three-egg  clutehes  re- 
ported for  Common  Loons  is  low  and  ranges 
from  0.5%  (Campbell  et  al.  1990)  to  0.8% 
(Peck  and  James  1983,  Meintyre  1988:table 
2-5).  Clutehes  containing  four  eggs  are  rare, 
but  have  been  noted  several  times  (Nelson 
1983,  Peek  and  James  1983,  Zieus  et  al.  1983, 
McNieholl  1993).  To  our  knowledge,  there  is 
no  confirmed  record  of  Common  Loons  rear- 
ing four-chick  broods.  In  this  paper  we  report 
seven  instanees  of  Common  Loon  adults  ac- 
eompanying  and  rearing  four-ehiek  broods, 
two  of  these  eonfirmed  by  photographie  re- 
eords. 

METHODS 

Data  were  gathered  by  volunteer  partiei- 
pants  of  the  Canadian  Lakes  Loon  Survey 
(CLLS),  who  monitored  Common  Loon 
breeding  pairs  on  lakes,  rivers,  and  bays 
throughout  Canada.  Partieipants  seleeted  their 
own  water  body  or  portion  of  a water  body  to 
survey  breeding  loons  and  recorded  observa- 
tions of  breeding  pairs  at  least  onee  during 
eaeh  of  three  time  periods:  nesting  (early  June 
to  mid-July),  hatehing  and  early  brooding 
(early  to  late  July),  and  pre-fledging  (mid- Au- 
gust to  mid-September).  All  surveys  lasted  a 
minimum  of  2 hr  and  often  were  supplement- 
ed by  ineidental  observations.  During  eaeh 
survey,  observers  reeorded  the  date,  survey 
method  (e.g.,  from  a single  point  on  shore, 
walking  along  shoreline,  or  from  a boat  or  ea- 
noe),  maximum  number  of  adult  loons  ob- 
served (ineluding  paired  loons),  maximum 
number  of  mated  loon  pairs  present,  and  max- 
imum number  and  age  elass  of  young.  The 
CLLS  survey  protoeol  instructed  volunteers  to 
classify  chicks  as  downy  young  (<l/3  adult 


length  with  dark  gray  down  feathers),  small 
young  (1/3  to  2/3  adult  length  with  light 
brown-gray  or  mottled-gray  down  feathers)  or 
large  young  (2/3  adult  length  or  longer  with  a 
full  eoat  of  light  and  dark  gray  feathers).  Al- 
though not  part  of  the  survey  protoeol,  CLLS 
participants  often  found  loon  nests  during  sur- 
veys and  reeorded  eluteh  sizes.  Periodieally, 
participants  also  provided  photographic  re- 
cords of  observations  during  surveys.  These 
reeords  provided  the  basis  for  results  reported 
here. 

RESULTS  AND  DISCUSSION 

Sinee  the  initiation  of  the  CLLS  in  1981, 
partieipants  have  reported  6 of  687  (0.87%) 
loon  nests  eontaining  three-egg  elutches  and 
no  four-egg  elutehes.  CLLS  participants  re- 
ported 45  of  6021  (0.75%)  Common  Loon 
pairs  with  supernumerary  broods  (>2  ehieks), 
whieh  is  similar  to  values  that  others  have  re- 
ported for  this  speeies  (see  above).  In  five  sep- 
arate instanees,  CLLS  partieipants  provided 
written  evidenee  of  four-ehiek  Common  Loon 
broods:  two  on  Shepherd  Lake,  Ontario  (44° 
39'  N,  81°  7'  W)  during  1983  and  1984;  one 
on  Oak  Lake,  Ontario  (44°  36'  N,  77°  55'  W) 
during  1984;  and  two  on  the  Maetaquac  River, 
New  Brunswiek  (46°  01 ' N,  66°  58'  W)  during 
1988  and  1993.  Partieipants  also  provided 
photographie  evidenee  of  two  separate  in- 
stanees of  Common  Loon  pairs  accompanied 
by  four-ehiek  broods.  The  first  photograph 
was  taken  on  14  July  1999  at  Anglin  Lake, 
Saskatehewan  (53°  44'  N,  105°  56'  W;  Fig. 
lA).  This  group  of  birds  was  observed  inter- 
mittently from  14  July  to  17  August  1999. 
CLLS  participants  estimated  these  chicks  to 
be  3 weeks  of  age  on  14  July,  and  adults  ex- 
hibited feeding  behavior  toward  all  four 
ehieks. 

Photographie  evidence  was  also  seeured  at 
Kasshabog  Lake,  Ontario  (44°  38'  N,  77°  57' 
W;  Fig.  IB,  C),  where  a Common  Loon  pair 
was  observed  attending  four  ehieks  from  21 
July  to  30  September  2001.  CLLS  partieipants 
estimated  this  four-ehiek  brood  to  be  3 weeks 


PIG.  1.  Photographs  of  two  different  pairs  of  adult  Common  Loons  with  four-chick  broods:  (A)  Anglin 
Lake,  Saskatchewan,  Canada,  14  July  1999  (photograph  by  W.  R.  and  E.  V.  Hoffman),  and  (B  and  C)  Kasshabog 
Lake,  Ontario,  Canada,  July  2001  and  August  2001,  respectively  (photographs  by  P.  Grisson). 
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of  age  on  21  July,  and  adults  exhibited  feeding 
behavior  toward  all  four  chicks.  Observations 
later  that  summer  showed  that  one  of  these 
chicks  was  smaller  than  the  other  three,  and 
often  it  was  observed  farther  away  from  the 
adults  than  the  other  chicks  (Fig.  1C). 

Occurrence  of  four-chick  broods  in  Com- 
mon Loons  may  be  the  result  of  supernumer- 
ary clutches,  nest  parasitism,  post-hatch  brood 
amalgamation,  or  a combination  of  these  fac- 
tors (Nelson  1983,  Zicus  et  al.  1983,  Belant 
and  Olson  1991,  McNicholl  1993).  Both  Nel- 
son (1983)  and  Zicus  et  al.  (1983)  discounted 
the  occurrence  of  four-egg  clutches  as  a result 
of  nest  parasitism,  suggesting  that  nest  para- 
sitism was  unlikely  due  to  aggressive  territory 
defense  exhibited  by  breeding  loons.  Four-egg 
clutches  have  been  documented  twice  for 
Red-throated  Loons  {Gavia  stellata)\  in  both 
instances  two  different  females  were  observed 
laying  eggs  in  the  same  nest  (Barr  et  al.  2000). 
Supernumerary  clutches  have  been  document- 
ed several  times  for  Common  Loons  (see 
McNicholl  1993).  However,  there  are  only 
two  confirmed  reports  of  supernumerary 
clutches  hatching  successfully  in  Common 
Loons;  McIntyre  (1988)  found  two  three-egg 
clutch  nests  on  two  different  lakes,  and  later 
observed  a brood  of  three  young  on  each  of 
these  same  lakes. 

Adult  loons  may  adopt  chicks  if  the  young 
become  separated  from  their  natal  parents  due 
to  inclement  weather  (Strong  and  Bissonette 
1989),  human  disturbance  (Robertson  and 
Flood  1980,  Clay  and  Clay  1997),  or  parental 
abandonment  (Gingras  and  Paszkowski  1999). 
Persistent  wind  and  wave  action  can  separate 
loon  chicks  from  their  natal  parents  (Sjolander 
and  Agren  1976).  On  Anglin  Lake  in  1999, 
poor  weather  conditions  occurred  from  30 
June  through  6 July,  and  a severe  hailstorm 
occurred  on  12  July  (W.  R.  Hoffman  and  E. 
V.  Hoffman  pers.  comm.).  Thus,  weather  con- 
ditions existed  that  could  have  resulted  in 
chicks  becoming  separated  from  their  natal 
parents  and  then  being  adopted  by  one  of  sev- 
eral other  breeding  pairs  on  Anglin  Lake. 

Post-hatch  brood  amalgamation  can  also 
occur  when  brood  densities  in  breeding  areas 
are  high  (Afton  and  Paulus  1992).  Anglin 
Lake  (1,500  ha)  consistently  had  the  highest 
annual  number  of  breeding  loon  pairs  record- 
ed (mean  of  38  pairs/year  from  1996  to  2002) 


on  a lake  by  the  CLLS.  Concentrations  of  loon 
pairs  on  Anglin  Lake  were  high  on  14  July 
1999,  when  36  separate  Common  Loon  pairs 
were  observed.  Size  and  behavioral  differenc- 
es in  the  brood  photographed  at  Kasshabog 
Lake  also  suggested  brood  amalgamation.  In- 
tensive monitoring  and/or  genetic  evidence 
are  required  to  determine  definitively  whether 
supernumerary  broods  in  Common  Loons  re- 
sult from  supernumerary  clutches,  nest  para- 
sitism, or  post-hatch  brood  amalgamation. 
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A Possible  Foraging  Association  between  White  Hawks  and 

White-nosed  Coatis 
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ABSTRACT. — Some  species  of  birds  commonly 
forage  by  following  other  animals  and  capturing  prey 
flushed  by  the  movements  of  the  latter.  Here  we  de- 
scribe a possible  foraging  association  between  White 
Hawks  {Leucopternis  alhicollis)  and  white-nosed  co- 
atis {Nasua  narica)  in  Tikal  National  Park,  Guatemala. 
The  frequency  of  association  varied  seasonally,  per- 
haps due  to  differences  in  availability  of  reptiles,  the 
hawks’  main  prey.  Received  2H  January  2003,  accept- 
ed 26  March  2004. 


Many  species  of  birds  habitually  forage  by 
capturing  prey  flushed  by  other  animals.  For 
instance.  Barred  Forest-Falcons  (Micrastur 
riificoUis)  frequently  follow  army  ants  (Willis 
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et  al.  1983,  Thiollay  and  Jullien  1998),  and 
Double-toothed  Kites  {Harpagiis  hidentatus) 
associate  with  several  species  of  primates 
(e.g.,  Fontaine  1980,  Egler  1991).  There  are 
occasional  reports  of  other  Eastern  and  West- 
ern hemisphere  raptors  that  appear  to  forage 
in  association  with  a variety  of  mammalian 
carnivores,  although  prey  capture  has  been  ob- 
served only  rarely  (e.g.,  Sliwa  1994,  Silveira 
et  al.  1997). 

Here,  we  describe  a possible  association  be- 
tween White  Hawks  {Leucopternis  alhicollis) 
and  an  omnivorous  mammal,  the  white-nosed 
coati  (Na.sua  narica),  in  the  lowland  tropical 
forest  of  Fikal  National  Park,  Guatemala. 
White  Hawks,  which  prey  primarily  on  snakes 
and  lizards  (Draheim  et  al.  in  press),  have 
been  documentetl  Ibllowing  monkeys  in  Costa 
Rica  (Boinski  and  .Scott  1988)  and  French 
(iiiiana  ( riiiollay  and  Jullien  1998,  /hang  aiul 
Wang  2()()0).  White-nosed  coatis  are  diurnal 
procyonids;  their  diet  consists  primarily  of 
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leaf  litter-dwelling  invertebrates  and  fruit 
(Kaufmann  1962,  Russell  1982).  They  are 
predominantly  terrestrial  during  active  peri- 
ods, but  they  rest  and  sometimes  forage  in 
trees.  In  Tikal,  females  and  juveniles  live  in 
very  large  bands;  one  of  our  study  bands  con- 
tained 162  animals  (Booth-Binczik  2001). 

We  studied  coatis  in  Tikal  (17°  13'  N,  89° 
37'  W;  elevation:  130-400  m)  from  June  1994 
to  November  1996.  The  mean  annual  temper- 
ature is  approximately  26°  C,  with  the  lowest 
monthly  mean  occurring  in  January  and  the 
highest  in  May.  There  is  a pronounced  dry 
season  from  January  through  April,  and  many 
trees  lose  their  leaves  in  March  and  April. 

We  observed  White  Hawks  opportunistical- 
ly while  we  studied  marked,  habituated  bands 
of  coatis.  The  bands  were  so  large  that  typi- 
cally we  could  see  only  a small  percentage  of 
band  members  at  one  time.  Because  we 
watched  coatis  mainly  on  the  ground  and 
could  not  see  an  entire  band  at  once,  we  prob- 
ably overlooked  some  accompanying  hawks. 
During  a 22-month  period,  we  located  coati 
bands  458  times  and  observed  White  Hawks 
with  the  bands  on  52  (11%)  of  those  occa- 
sions. White  Hawks  were  observed  with  coati 
bands  throughout  the  year,  but  more  frequent- 
ly during  January  and  February  (frequency  of 
association  = 24%)  than  during  other  months 
(8%).  We  saw  White  Hawks  with  six  different 
coati  bands  throughout  an  area  of  about  14 
km^,  equal  in  size  to  the  nesting  territories  of 
3-4  pairs  of  hawks  (Draheim  et  al.  in  press). 

Most  of  the  time  that  hawks  were  in  view 
they  were  perched  in  the  lower  portion  of  the 
canopy  directly  above  the  coatis.  They  kept 
pace  with  foraging  bands  by  flying  from  tree 
to  tree  as  the  coatis  moved  along.  On  at  least 
three  occasions  we  observed  a hawk  following 
a band  for  2—3  hr.  On  occasion  there  were  two 
hawks  with  a band  at  the  same  time.  The  co- 
atis never  displayed  any  alarm  at  the  presence 
or  movement  of  the  hawks,  and  the  hawks 
were  never  seen  directing  any  movements  to- 
ward coatis.  We  saw  no  predation  attempts  by 
White  Hawks  accompanying  coatis. 

Although  we  did  not  observe  prey  capture, 
it  is  possible  that  the  hawks  were  following 
coati  bands  for  the  purpose  of  preying  upon 
animals  that  were  flushed  by  the  coatis,  as  in 
other  foraging  associations.  As  coatis  forage 
along  the  forest  floor,  they  rummage  through 


the  leaf  litter  with  their  noses,  dig  into  the  soil, 
turn  over  small  objects,  and  tear  apart  pieces 
of  rotten  wood.  Coatis  may  be  particularly 
useful  to  White  Hawks  in  that  they  frequently 
direct  alarm  displays  toward  some  species  of 
snakes  and  lizards  (GAB  unpubl.  data),  pos- 
sibly indicating  to  a hawk  the  presence  and 
location  of  possible  prey  items.  In  the  forag- 
ing associations  of  many  species,  insects  are 
the  primary  prey  consumed  by  birds,  but  there 
is  evidence  that  reptiles  also  can  be  located  in 
this  manner.  During  a 2-year  study  of  brown 
capuchins  (Cebus  apella)  in  French  Guiana, 
White  Hawks  were  present  during  1 1 % of  the 
monkeys’  active  time,  and  they  were  observed 
capturing  arboreal  snakes  seven  times  while 
accompanying  the  monkeys  (Zhang  and  Wang 
2000).  Double-toothed  Kites  have  been  ob- 
served catching  lizards  flushed  by  monkeys 
(Fontaine  1980,  Boinski  and  Scott  1988). 
Many  bird  species  that  associate  with  army 
ants  have  been  seen  preying  on  lizards  (Mays 
1985,  Coates-Estrada  and  Estrada  1989),  and 
in  Tikal  we  saw  a Roadside  Hawk  (Buteo 
magnirostris)  capture  a snake  that  was  fleeing 
a swarm  of  army  ants  (SDBB  unpubl.  data). 

Although  the  seasonal  peak  in  association 
between  White  Hawks  and  coatis  could  be  due 
to  a peak  in  hawk  density  (seasonal  patterns 
of  which  are  unknown  in  Tikal),  it  is  more 
likely  related  to  the  hawks’  reliance  on  reptil- 
ian prey.  January  and  February  are  the  coldest 
months  of  the  year  in  Tikal;  thus,  reptiles 
would  be  least  active  and  most  difficult  to  find 
at  that  time.  Studies  in  Costa  Rica  (Boinski 
and  Scott  1988)  and  Brazil  (Rodrigues  et  al. 
1994)  revealed  that  several  species  of  insec- 
tivorous birds  associated  with  monkeys  most 
often  during  seasons  when  insects  were  least 
abundant.  Researchers  who  have  observed  co- 
ati bands  in  other  locations  (e.g.,  Panama, 
Costa  Rica)  have  not  reported  foraging  asso- 
ciations with  White  Hawks  or  any  other  birds. 
It  may  be  that  White  Hawks  associate  with 
coatis  only  in  relatively  temperate  areas  where 
the  diversity  of  primate  species  is  low.  The 
relationship  between  White  Hawks  and  coatis 
deserves  further  investigation  to  ascertain 
whether  the  hawks  obtain  significant  amounts 
of  prey  through  this  association. 
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First  Breeding  Record  of  Wilson’s  Plover  {Charadrius  wilsonia)  from  the 

Pacific  Coast  of  Colombia 


Alan  Giraldo,’’^  Carlos  Hernandez, ^ Carolina  Gomez,"^  Fernando  Castillo, ^ and 

Jorge  E.  Saavedra^ 


ABSTRACT — Wilson’s  Plover  {Charadrius  wilson- 
ia) occurs  year-round  along  the  Caribbean  and  Pacific 
coasts  of  Colombia.  The  species  frequents  a variety  of 
coastal  habitats  including  sandy  beaches,  tidal  flats, 
and  small  swamps  and  wetlands.  Its  breeding  range 
extends  from  Virginia  south  through  the  West  Indies 
to  Surinam,  and  from  Baja  California  to  Peru.  Here, 
we  report  the  first  nesting  record  on  the  Pacific  coast 
of  Colombia.  Received  14  June  2003,  accepted  10 
March  2004. 


All  three  sub-species  of  Wilson’s  Plover 
{Charadrius  wilsonia  wilsonia,  C.  w.  beldingi, 
and  C.  w.  cinnanioninus)  have  been  recorded 
in  Colombia.  The  hrst  records  (C  w.  wilsonia 
and  C.  w.  cinnamoninus)  came  from  Colom- 
bia’s Caribbean  coast.  These  observations  in- 
cluded breeding  displays,  but  no  nests  were 
found  (Naranjo  1979).  On  the  Pacific  coast, 
Wilson’s  Plovers  (C.  vv.  wilsonia  and  C.  w. 
beldingi)  were  first  reported  during  a study  of 
chronological  distribution  and  habitat  selec- 
tion of  shorebirds  at  Buenaventura  Bay  (Nar- 
anjo et  al.  1987).  Although  population  esti- 
mates of  resident  Wilson’s  Plovers  along  Co- 
lombia’s Pacific  coast  have  ranged  into  the 
hundreds  (Franke  1986,  Naranjo  et  al.  1987, 
Aparicio  et  al.  1996,  Naranjo  and  Mauna 
1996)  and  the  species  has  been  considered  a 
coastal  breeder  from  Baja  California  to  Peru 
(Johnsgard  1981,  Hayman  et  al.  1986,  Cane- 
vari  et  al.  2001),  there  are  no  breeding  records 
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for  Colombia’s  Pacific  coast  (Hilty  and  Brown 
1986,  Salaman  et  al.  2001). 

On  13  May  1993,  we  participated  in  a 
shorebird  survey  of  Punta  Soldado  Island, 
Buenaventura  Bay  (03°  49'  55"  N,  77°  08'  40" 
W),  conducted  by  the  Association  for  the 
Study  and  Conservation  of  Aquatic  Birds  in 
Colombia  (CALIDRIS).  Punta  Soldado  beach- 
es are  essentially  unaffected  by  tides  (possibly 
flooded  once  per  year),  are  sparsely  vegetated, 
and  serve  as  roosting  and  foraging  sites  for 
numerous  migratory  shorebirds  and  terns 
(Aparicio  et  al.  1996,  Naranjo  and  Mauna 
1996).  We  observed  two  C.  wilsonia  adults 
(male  and  female)  exhibiting  defensive  behav- 
iors in  the  berm  zone  of  the  beach.  From  a 
distance  of  approximately  20  m,  we  observed 
the  male  plover  perform  head-up  displays  ac- 
companied by  tw’eet  calls  while  the  female 
plover  adopted  a squatting  posture.  Subse- 
quently, we  observed  three  Wilson’s  Plover 
chicks  0.5  m from  the  female.  As  we  ap- 
proached more  closely,  the  male  responded 
with  a short  crouch-run  and  the  female  re- 
sponded with  a stationary  broken-wing  dis- 
play accompanied  by  a buzzy  distraction  call 
(see  Bergstrom  1988  for  description  of  alarm 
and  distraction  displays).  These  observations 
confirm  breeding  of  Wilson’s  Plovers  on  the 
Pacific  coast  of  Colombia. 
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First  Description  of  the  Nest,  Eggs,  Young,  and  Breeding  Behavior  of  the 
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ABSTRACT — We  provide  the  first  description  of 
the  nest,  eggs,  young,  and  breeding  behavior  of  the 
Great  Antpitta  {Gmllaria  excelsa)  in  Yacambu  Nation- 
al Park,  Venezuela.  The  nests  (/?  = 3)  were  large, 
bulky,  open-cup  structures  composed  of  a dense  as- 
sortment of  live  and  dead  mosses,  rootlets,  wet  leaves, 
small  stems,  detritus,  and  live  and  dead  fern  fronds, 
and  were  lined  with  a thick  mesh  of  black  rootlets  and 
rhizomorphs.  Nests  were  built  >3.8  m above  the 
ground  in  live  trees  where  dense  clusters  of  aroid 
plants,  epiphytes,  and  lianas  secured  them  to  either  a 
vertical  fork  or  against  the  trunk  itself.  Both  adults 
participated  in  nest  building;  incubating  two  un- 
marked, turquoise  eggs;  and  feeding  nestlings.  Mean 
nest  attentiveness  (time  spent  on  the  nest/total  video 
time  when  corrected  for  human  disturbance)  was  98.8 
± 1.8%  SD,  and  nestling  feeding  rates  were  low  (one 
visit  by  each  adult/5  hr  total  video  time).  Received  10 
Septend?er  200J,  accepted  25  March  2004. 
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Antpittas  (Formicariidae)  are  a diverse 
group  of  terrestrial  antbirds  inhabiting  the 
Neotropics,  yet  the  breeding  biology  of  many 
species  is  unknown  due  to  their  secretive  hab- 
its and  preference  for  dense  understory.  The 
Great  Antpitta  {Grallciria  excelsa)  is  a large 
(218-266  g),  rare  species  endemic  to  mid-el- 
evation ( 1 ,700-2, 300  m),  wet,  humid  forests 
of  Venezuela  (Gilliard  1939,  Ridgely  and  Tu- 
dor 1994,  Hilty  et  al.  2003).  While  a few  as- 
pects of  its  ecology  have  been  reported  (Hilty 
et  al.  2003),  its  nest  and  breeding  behavior  are 
still  unknown.  Here,  we  describe  nesting  ac- 
tivity and  characteristics  of  three  nests  found 
in  May  and  June  2003  in  montane,  wet.  pri- 
mary forest  in  Yacambu  National  Park.  Lara 
State,  Venezuela  (09"  24'  N,  69"  30'  W; 
1,800-2,000  m elevation). 

During  the  dry  months  of  March  and  April 
2003,  we  observed  G.  excelsa  foraging  in  can- 
yons, on  ridges,  and  in  swampy  areas  through- 
out the  forest  (approximate  canopy  height  = 
25  111).  Later  in  the  season  (May  and  June), 
individuals  were  observed  exclusively  in  close 


106 


THE  WILSON  BULLETIN  • Vol.  1 16,  No.  I,  March  2004 


proximity  to  the  junctions  of  ephemeral  creeks 
created  during  periods  of  greater  precipitation. 
Often  we  located  adults  by  their  song — a sin- 
gle phrase,  repeated  at  regular  intervals  (10- 
sec  pauses  between  phrases),  and  character- 
ized as  a resonant,  hollow,  Otus-VikQ  tone  that 
increased  in  frequency  (710-820  Hz;  4-5  sec 
phrases;  22  notes/sec;  all  measurements  made 
with  Raven  software;  spectrograms  made  with 
a 200-Hz  bandwidth  and  Hann  window  func- 
tion). Most  birds  sang  from  a fallen  tree  or 
perch  <4  m in  height.  More  frequently,  we 
located  adults  as  they  foraged  silently — alone 
or  in  pairs — along  creeks,  on  the  edges  of 
treefall  gaps,  and  near  large,  fallen  trees.  They 
foraged  exclusively  on  the  ground,  moving  in 
quick,  short  starts,  and  usually  hopping  on 
both  legs.  Numerous  times  we  also  observed 
adults  foraging  opportunistically  at  the  edge 
of  an  antswarm. 

All  three  nests  were  located  approximately 
50  m from  the  junctions  of  different  ephem- 
eral creeks.  The  first  nest  was  3.8  m above 
ground  and  built  against  the  trunk  of  a spiny 
tree-fern  (Cyatheaceae;  height  = 14  m;  dbh  = 
24  cm;  located  on  a 21°  slope).  The  second 
nest  was  located  4.8  m above  ground  in  the 
fork  of  a Pseudohombax  spp.  (height  = 7.9 
m).  The  third  nest  was  12  m above  ground 
where  two  thick  branches  forked  from  the 
trunk  of  a large,  unidentified  tree  (30  m in 
height).  All  three  nests  were  supported  by 
dense  clusters  of  aroid  plants,  epiphytes,  and 
lianas  that  offered  considerable  concealment. 
Nest,  tree,  and  canopy  heights  were  made  us- 
ing a clinometer. 

Nests  were  large,  bulky,  open-cup  struc- 
tures with  a shallow  cup.  The  first  nest  had  an 
outside  diameter  of  40.0  cm,  external  height 
of  18.0  cm,  cup  diameter  of  14.0  cm,  and  a 
cup  depth  of  8.0  cm.  The  second  nest  had  an 
outside  diameter  of  35.0  cm,  external  height 
of  27.0  cm,  cup  diameter  of  12.0  cm,  and  a 
cup  depth  of  7.0  cm.  Nests  were  composed  of 
a dense  amalgamation  of  live  and  dead  moss- 
es, thin  dark-colored  rhizomorphs,  and  dead 
leaves;  pieces  of  live  and  dead  ferns,  palm 
fronds,  and  thin  sticks  were  scattered  through- 
out but  less  numerous.  The  nest  cups  were 
uniformly  lined  with  a tight  mesh  of  thin 
black  and  brown  rootlets  and  rhizomorphs  that 
merged  with  differently  colored  live  and  dead 
mosses  on  the  cup  rim. 


The  first  nest  was  found  on  25  May  and 
monitored  for  13  days  during  the  incubation 
period  until  it  was  depredated.  The  nest  con- 
tained two  turquoise,  unmarked,  slightly 
glossy,  oval-shaped  eggs.  One  egg  weighed 
17.09  g and  measured  38.0  X 30.0  mm.  The 
second  weighed  17.64  g and  measured  37.4  X 
30.0  mm.  We  videotaped  the  nest  three  times 
during  monitoring  for  5-8  hr  per  recording  ep- 
isode (28  May,  10:10-17:40  AST;  30  May, 
08:20-16:30;  05  June,  08:00-13:16).  Video- 
tapes showed  that  both  the  male  and  female 
participated  in  incubation;  exchange  of  incu- 
bating parents  occurred  simultaneously  in  2 of 
1 1 instances.  Mean  on-bout  duration  was  92.3 
±41.5  min  SD  (/z  = 12  on-bouts;  range:  36- 
160  min;  1,207  min  total  video  time;  3 days 
of  filming).  Mean  nest  attentiveness  (percent 
total  video  time  parents  were  observed  incu- 
bating) was  91.0  ± 1.0%  {n  = 3 days  of  film- 
ing; 1,207  min  total  video  time;  12  on-bouts). 
The  nest  was  never  left  unattended  for  more 
than  7 min,  except  following  human  distur- 
bance. After  correcting  for  those  times  when 
the  adult  was  flushed  from  the  nest  during  vid- 
eo initiation  and  tape  changes,  mean  nest  at- 
tentiveness was  98.8  ± 1.8%  {n  = 3 days  of 
filming;  1,108  min  total  video  time;  12  on- 
bouts). 

Incubation  videos  revealed  that  vocal  com- 
munication around  the  nest  occurred  in  the 
form  of  repeated  songs  and  muted  trills,  usu- 
ally just  before  or  following  an  incubation  ex- 
change. Muted  trill-songs  heard  on  tape  were 
less  common,  and  it  is  unclear  whether  the 
songs  were  from  the  incubating  bird  or  its 
mate.  G.  guatimalensis  has  also  been  reported 
to  sing  muted  trills  from  the  nest  (Dobbs  et 
al.  2003). 

The  second  nest  was  found  on  5 June  and 
monitored  during  the  nestling  period  until  7 
June,  when  the  nest  was  found  empty  and  un- 
disturbed. On  5 June  the  nest  contained  only 
one  nestling  and  was  found  on  the  day  before 
the  nestling’s  primaries  emerged  from  the 
feather  shafts.  On  that  same  day  and  after  1 
hr  of  observation,  an  adult  approached  the 
nest  quietly,  fed  the  nestling,  and  left  shortly 
thereafter.  While  at  the  nest,  the  adult  was 
wary,  pausing  before,  during,  and  after  feed- 
ing the  nestling  to  survey  the  nest  area. 

Videotapes  on  6 June,  from  07:00  to  12:00, 
showed  that  both  parents  fed  the  nestling  in- 
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frequently  (one  visit  each  in  5 hr),  but  deliv- 
ered large  amounts  of  what  appeared  to  be 
earthworms  (Annelida)  and  arthropods.  One 
parent  brooded  the  nestling  from  07:00  to  07: 
35,  after  which  time  the  nestling  was  left  un- 
attended. One  adult  returned  to  the  nest  1 hr 
later  with  food,  fed  the  nestling,  and  carefully 
surveyed  the  nest  area  before  leaving.  Its  mate 
arrived  2 sec  later,  fed  the  nestling,  ate  a fecal 
sac,  and  then  departed.  No  other  visits  to  the 
nest  were  made  for  the  remainder  of  record- 
ing. 

On  6 June,  the  day  its  primary  feathers 
emerged,  the  nestling  weighed  98  g,  lacked 
tail  feathers,  and  had  tarsus  and  wing  chord 
lengths  of  35.80  mm  and  50.06  mm,  respec- 
tively. Its  plumage  was  similar  to  that  of  the 
adults:  the  breast  feathers  were  scalloped,  and 
its  down  and  emerging  tail  and  wing  feathers 
were  light  olive-brown.  The  bill  was  bright 
orange,  whereas  the  gape  was  a striking, 
bright-red  hue. 

The  third  nest  was  found  on  18  June,  also 
in  close  proximity  (<40  m)  to  a creek  junc- 
tion. This  nest  was  approximately  40  m from 
the  second  nest  where  the  nestling  had  dis- 
appeared approximately  1 1 days  earlier,  and 
was  likely  the  renest  of  that  same  pair.  Both 
adults  were  observed  building  the  nest.  One 
adult  collected  nest  material  while  the  other 
sang  repeatedly  near  the  base  of  the  nest  tree. 
The  pair  also  brought  nesting  material  to  the 
nest  site  together,  taking  turns  adding  their 
material  while  the  mate  perched  close  by. 

Consistent  with  observations  of  other  Grcil- 
laria,  both  adults  of  G.  excelsci  participated  in 
nest  building,  incubation,  and  feeding  nest- 
lings (Wiedenfeld  1982,  Dobbs  et  al.  2003, 
Freile  and  Renjifo  2003,  Price  2003).  Mate 
feeding  at  the  nest  was  not  observed  during 
building,  incubation,  or  the  nestling  period, 
but  may  occur  away  from  the  nest  as  it  does 
in  other  Formicariidae  (Skutch  1969,  Dobbs 
et  al.  2003,  Price  2003).  Also,  low  rates  of 
nestling  feeding  have  been  found  in  G.  car- 
rikeri  and  G.  i>uatinnilensis  (Wiedenfeld  1982, 
Dobbs  et  al.  2003).  Because  plumages  of 
males  and  females  are  similar,  we  could  not 
determine  gender  diflerences  in  parental  care. 
Clutch  size  in  G.  e.xcclsa  may  range  from  one 
to  two  eggs;  it  is  unclear  whether  the  single 
nestling  of  the  second  nest  described  above 
originated  from  a clutch  of  one  or  two  eggs. 


Other  members  of  Grallaria  are  reported  to 
incubate  only  one  egg  (Whitney  1992),  or 
fledge  only  one  young  from  an  initial  clutch 
of  two  eggs  (Dobbs  et  al.  2003;  P.  R.  Martin 
pers.  comm.). 

Egg  color  and  shape  were  similar  to  those 
of  all  other  Grallaria  described  to  date  (Wie- 
denfeld 1982,  Quintela  1987,  Whitney  1992, 
Dobbs  et  al.  2003,  Freile  and  Renjifo  2003, 
Price  2003).  In  addition,  nest  composition, 
structure,  and  placement  were  similar  to  those 
of  most  other  Grallaria',  however,  these  traits 
vary  over  a species’  range  and  among  indi- 
viduals, as  a variety  of  substrates  and  building 
materials  have  been  reported  within  a single 
species  (Wiedenfeld  1982,  Quintela  1987, 
Whitney  1992,  Dobbs  et  al.  2003,  Freile  and 
Renjifo  2003,  Price  2003).  Nests  of  G.  excelsa 
were  located  in  the  forest  interior,  close  to  the 
confluence  of  ephemeral  waterways,  and  were 
found  during  the  rainy  season.  Other  reports 
of  Grallaria  nesting  habits  indicate  that  all 
members  of  the  genus  may  breed  during  the 
wet  season  (Dobbs  et  al.  2003,  Freile  and 
Renjifo  2003). 
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Blue-crowned  Motmot  (Momotus  momota)  Predation  on  a 
Long-tongued  Bat  (Glossophaginae) 


Eduardo  Chacon-MadrigaP  and  Gilbert  Barrantes'’^ 


ABSTRACT — We  report  the  first  record  of  a Blue- 
crowned  Motmot  (Momotus  momota)  feeding  on  a 
long-tongued  bat  (Glossophaginae)  in  a secondary  for- 
est in  southwestern  Costa  Rica.  The  motmot  incapac- 
itated the  bat,  then  swallowed  it  alive,  head  first.  Mot- 
mots  and  bats  are  found  in  close  proximity  along  river 
banks  where  the  former  nests  and  the  latter  roosts  Re- 
ceived 16  October  2003,  accepted  26  March  2004. 


Bats  are  regular  food  items  in  the  diet  of 
some  Neotropical  birds  (Rodrfguez-Duran  and 
Lewis  1985,  Lee  and  Kuo  2001).  For  exam- 
ple, in  the  Neotropics  some  raptors  (e.g..  Bat 
Falcon;  Falco  rufigularis)  and  owls  (e.g..  Barn 
Owl;  Tyto  cilha)  often  prey  on  bats  (Table  1), 
and  the  Great  Potoo  (Nyctibius  grandis)  reg- 
ularly preys  on  bats  on  the  wing  (Boinski  and 
Timm  1985,  Fleming  1988,  Stiles  and  Skutch 
1989,  Braker  and  Greene  1994).  Nevertheless, 
bat  predation  is  relatively  uncommon  in  the 
Neotropics.  Here,  we  report  the  first  account 
of  a Blue-crowned  Motmot  {Momotus  mom- 
ota) consuming  a long-tongued  bat  (Glosso- 
phaginae). 

Blue-crowned  Motmots  consume  a large 
variety  of  items,  including  invertebrates  (e.g., 
earthworms,  large  spiders,  mollusks,  and  in- 
sects), fruits,  and  small  vertebrates  (e.g.,  fish, 
frogs,  lizards,  snakes,  small  mammals,  small 
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birds,  and  nestlings)  (Orejuela  1980,  Stiles 
and  Skutch  1989,  Remsen  et  al.  1993,  Master 
1999,  Snow  2001).  Bats,  however,  have  not 
been  reported  as  a part  of  their  diet. 

At  15:30  hr  CST  on  12  April  2003,  in  old 
secondary  forest  at  Dos  Brazos  de  Rfo  Tigre 
(08°  31 ' N,  83°  24'  W),  Peninsula  de  Osa  (el- 
evation 100  m),  Costa  Rica,  we  observed 
(from  a distance  of  6 m,  using  binoculars)  a 
Blue-crowned  Motmot  feeding  on  a long- 
tongued  bat.  The  bat  was  identified  on  the  ba- 
sis of  its  noseleaf,  body  size,  and  the  long 
tongue  that  hung  from  its  partially  open 
mouth.  The  bat  could  have  been  a species  of 
Glossophaga,  or  Hylonycteris  underwoodi, 
the  two  Glossophaginae  species  with  charac- 
teristics that  match  those  of  the  individual  ob- 
served. The  former — represented  by  two  spe- 
cies in  the  Peninsula  de  Osa — is  more  com- 
mon. 

When  first  observed,  the  motmot  was 
perched  on  a horizontal  branch  1.5  m above 
the  ground,  holding  the  neck  of  the  live  bat  in 
its  bill.  During  the  next  2-3  min  the  bird 
shook  the  bat  up  and  down  violently  while 
grasping  it  tightly  in  its  bill.  It  did  not  strike 
the  bat  against  the  perch  as  motmots  usually 
do  with  large  larvae  and  other  insects.  The 
motmot  then  swallowed  the  bat  whole,  head 
hrst.  This  behavior  suggests  that  the  violent 
shaking  was  probably  used  to  immobilize  the 
prey  before  swallowing  it.  The  motmot  re- 
mained on  the  same  perch  for  approximately 
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TABLE  1.  Costa  Rican  bird  species  reported  to  feed  on  bats  (Boinski  and  Timm  1985,  Fleming  1988,  Stiles 
and  Skutch  1989,  Braker  and  Greene  1994,  Michalak  1997,  Lee  and  Kuo  2001).  Measurements  (mean  ± SD) 
were  taken  from  specimens  deposited  in  the  Museo  Nacional  de  Costa  Rica  and  Museo  de  Zoologia,  Universidad 
de  Costa  Rica. 


Common  name 

Species 

Gape  (mm) 

Weight  (g) 

n 

Double-toothed  Kite 

Harpagus  hidentatus 

21.3 

-H 

2.0 

175.2  ± 

8.5 

4 

Crane  Hawk 

Geranospiza  caendescens 

22.6 

345 

1 

Sharp-shinned  Hawk 

Accipiter  striatiis 

17.2 

± 

1.6 

na^ 

3 

Red-tailed  Hawk 

Biiteo  jamaicensis 

33.5 

800.5 

1 

Collared  Forest-Falcon 

Micrastur  semitorquatus 

24.9 

-H 

2.1 

772.0  ± 

69.3 

2 

Bat  Falcon 

Falco  rufigularis 

20.9 

± 

1.3 

214.6 

2 

Peregrine  Falcon 

Falco  peregrinus 

29.8 

-H 

4.7 

na^* 

2 

Barn  Owl 

Tyto  alba 

24.4 

-H 

2.1 

449.0  ± 

49.9 

3 

Tropical  Screech-Owl 

Megascops  choliba 

18.4 

± 

0.2 

163.5  ± 

25.6 

3 

Spectacled  Owl 

Pidsatrix  perspicillata 

38.9 

-f- 

1.3 

765.7  ± 

84.6 

3 

Mottled  Owl 

Ciccaba  virgata 

27.7 

-1- 

0.1 

250.8  ± 

13.2 

2 

Black-and-white  Owl 

Ciccaba  nigrolineata 

30.7 

-t- 

0.6 

336.0  ± 

55.2 

2 

Great  Potoo 

Nyctibius  grandis 

59.6 

500.0 

1 

Blue-crowned  Motmot 

Mornotus  momota 

21.1 

H- 

2.3 

1 14.8  ± 

16.1 

6 

^ na:  data  not  available  from  specimens. 


30  min  after  swallowing  the  bat  and  then  flew 
away. 

In  Dos  Brazos  de  Rio  Tigre,  long-tongued 
bats  roost  in  tree  cavities  and  banks  along  riv- 
ers (LaVal  and  Rodriguez-H  2002).  Because 
motmots  also  construct  their  nests  in  banks 
and  frequently  perch  along  rivers  and  streams, 
it  is  possible  that  the  motmot  captured  the  bat 
from  a bank  roost.  The  ability  to  swallow  such 
a large  prey  item  is  surprising,  considering 
that  the  gape  width  of  a Blue-crowned  Mot- 
mot  is  relatively  small  (21.1  mm),  compared 
to  the  gape  of  several  raptors  that  prey  on  bats 
(Table  1).  The  Great  Potoo,  which  also  feeds 
on  bats,  has  a much  wider  gape  (59.6  mm). 
Ingesting  the  bat  by  swallowing  it  whole  was 
quite  different  from  the  way  small  raptors  tear 
pieces  from  prey  items  (Thiol lay  1994).  It  is 
likely  that  bats  make  up  part  of  the  diet  of 
other  bird  species;  however,  predation  on  bats 
is  probably  infrequent,  making  it  difficult  to 
document. 
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Ornithological  Literature 

Edited  by  Mary  Gustafson 


BIRDS  OF  OREGON:  A General  Refer- 
ence. Edited  by  David  B.  Marshall,  Matthew 
G.  Hunter,  and  Alan  L.  Contreras.  Illustrated 
by  Elva  Hamerstrom  Paulson.  Oregon  State 
University  Press,  Corvallis,  Oregon.  2003: 
752  pp.,  line  illustrations.  $65.00  (cloth).  This 
voluminous  tome,  covering  Oregon  and  its 
coastal  waters,  is  an  excellent  reference  on  the 
spatial  and  temporal  distribution  of  birds  in 
Oregon.  It  is  also  a rich  natural  history  of 
birds  with  useful  habitat  and  foraging  descrip- 
tions included  in  most  species  accounts. 

This  is  an  important  reference  for  profes- 
sionals, students,  and  birders  interested  in 
Oregon’s  avifauna.  Breeding  Bird  Survey, 
Christmas  Bird  Count,  and  Oregon  Breeding 
Bird  Atlas  data  are  compiled,  along  with  an- 
ecdotal reports  and  capture  results,  to  illustrate 
species  distributions.  The  book  covers  486 
species  recognized  by  the  Oregon  Bird  Re- 
cords Committee  as  having  occurred  in  the 
state.  Atlas-style  distribution  and  abundance 
maps,  derived  from  the  Oregon  Breeding  Bird 
Atlas,  are  presented  for  205  Oregon-breeding 
species.  Species  nomenclature  and  sequence 
follow  the  1'^  edition  of  AOU’s  Check-list  of 
North  American  Birds  and  subsequent  check- 
list supplements.  Coverage  at  the  subspecies 
level  is  based  upon  specimens  verified  by  the 
Taxonomic  Editor,  M.  Ralph  Browning. 

The  editors  recognize  that  their  book  is  the 
successor  to  Gabrielson  and  Jewett’s  Birds  of 
Oregon,  published  in  1940,  and  which  used 
data  through  1935.  The  2003  publication  be- 
gins with  a synopsis  of  avifaunal  change  in 
Oregon  since  1935.  The  first  and  second  chap- 
ters, which  describe  avian  habitats  in  Oregon 
Ecoregions,  document  vast  changes  in  land 
use,  avifaunal  distribution,  and  coverage  by 
investigators  and  birders  since  1935  that  made 
this  new  Oregon  avifaunal  reference  neces- 
sary. 

Contributions  from  100  authors,  including 
many  of  Oregon's  most  accomplished  and  ex- 
pert ornithologists,  make  up  the  body  ol'  tliis 
reference.  Each  species  account  begins  with 
an  introductory  section  that  provides  a phys- 


ical description  and  any  notes  of  interest.  Each 
account  includes  a section  on  General  Distri- 
bution, Oregon  Distribution,  Habitat  and 
Diet,  Seasonal  Activity  and  Behavior,  Detec- 
tion, and  Population  Status  and  Conser\^ation. 
The  species  accounts  are  a blend  of  occur- 
rence and  population  data  (site  specific  and 
county  locations,  dates,  population  estimates) 
and  anecdotal  snippets  that  are  quite  readable. 

The  treatments  of  extirpated,  introduced, 
escaped,  and  unaccepted-record  species  in  the 
Supplemental  Species  List  (Chapter  4)  are 
thorough  and  provide  a satisfying  historical 
perspective.  The  concise  Glossary  is  very  use- 
ful in  defining  or  clarifying  ornithological  and 
biological  jargon  without  the  excessiveness 
often  found  in  such  reference  books.  A vast 
list  of  citations,  personal  communications,  and 
unpublished  reports  and  data  documents  the 
information  provided. 

A minor  criticism  of  Birds  of  Oregon:  A 
General  Reference  is  the  inconsistent  presen- 
tation, among  species  accounts,  of  unpub- 
lished data  from  research  and  monitoring  pro- 
jects and  the  reference  to  museum  specimens. 
Some  account  authors  included  many  such  re- 
sources while  others  included  few.  Whereas 
all  authors  produced  excellent  accounts,  it  is 
disappointing  that  greater  effort  was  not  made 
to  seek  out  unpublished  data.  Again,  this  is  a 
minor  criticism  and  is,  perhaps,  more  appro- 
priately directed  toward  those  who  have  not 
published  their  results! 

Overall,  the  book’s  illustrations  are  accurate 
and  a pleasure  to  view.  The  line  drawings  of 
birds  that  embellish  the  species  accounts  in 
Chapter  3 are  beautiful  renditions,  although 
occasionally  stylized  to  the  point  of  minor  in- 
accuracies, such  as  the  Black  Phoebe's  (,SV/y- 
ornis  nigricans)  shortened  tail.  It  is  obvious 
that  some  of  the  drawings  are  intended  as  joy- 
ful celebrations  (usually  a species  is  repre- 
sented from  each  major  group)  that  add  spice 
to  the  rich  narrative. 

Although  a sturdy  shelf,  desk,  and  lap  are 
necessary  for  this  large  book,  it  will  serve 
well  the  professional,  student,  birder,  and  oth- 
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ers  interested  in  Oregon’s  avifauna.  I highly 
recommend  it  as  a thorough  regional  refer- 
ence.—ROBERT  I.  FREY,  Klamath  Bird  Ob- 
servatory, Ashland,  Oregon;  e-mail:  bif@ 
klamathbird.org. 


CONSERVING  BIRD  BIODIVERSITY: 
GENERAL  PRINCIPLES  AND  THEIR  AP- 
PLICATION. Edited  by  K.  Norris  and  D.  J. 
Pain.  Cambridge  University  Press,  Cam- 
bridge, United  Kingdom.  2002:  337  pp. 
$100.00  (cloth),  $38.00  (paper). — In  the  pref- 
ace, the  editors  state  that  the  goal  of  this  book 
is  to  bridge  the  gap  between  textbooks  fo- 
cused on  general  principles  of  conservation 
biology  and  the  practical  techniques  used  by 
avian  conservationists.  The  target  readership 
is  broad;  the  book  is  designed  as  an  entree  to 
the  literature,  as  well  as  an  up-to-date  review 
for  graduate  and  advanced  undergraduate  stu- 
dents, researchers  at  all  levels,  and  policy- 
makers. The  900+  references  associated  with 
the  12  chapters  will  certainly  benefit  any  read- 
er. Topics  progress  from  defining  avian  bio- 
diversity (Chapter  1)  and  reasons  to  conserve 
it  (Chapter  2),  to  monitoring  bird  populations 
(Chapter  3)  and  setting  conservation  priorities 
for  species  and  sites  (Chapters  4 and  5).  Chap- 
ter 6 emphasizes  critically  imperiled  birds. 
Chapters  7-10  focus  on  diagnosis  and  causes 
of  population  declines.  The  book  closes  with 
discussions  on  the  interface  between  research, 
education,  and  teaching  (Chapter  1 1)  and  the 
policies  and  programs  affecting  birds  (Chapter 
12).  The  chapters  have  little  overlap  and  the 
book  advances  nicely  with  few  typographical 
errors  (although  citing  www.birdlife.org  as 
www.birdlite.org  in  Box  5.3  did  strike  my 
sense  of  humor).  The  chapters  provide  topical 
overviews  with  additional  details  in  tables, 
figures,  footnotes,  and  text  boxes.  The  text 
boxes,  which  contain  useful  information  or  in- 
teresting case  studies,  are  a feature  of  the  book 
that  I enjoyed  greatly. 

The  majority  of  the  19  contributing  authors 
hail  from  the  United  Kingdom,  or  its  former 
Eastern  Hemisphere  colonies,  and  many  of  the 
highlighted  examples  are  from  these  areas. 
From  my  North  American  viewpoint,  these 
examples  added  richness  to  the  book.  This 
richness,  however,  comes  at  the  expense  of 


adequate  coverage  of  avian  conservation  pro- 
grams and  issues  in  North,  Central,  and  South 
America  (the  area  of  greatest  avian  richness); 
thus,  American  readers  may  not  find  mention 
of  case  studies  or  research  programs  familiar 
to  them. 

Although  all  of  the  chapters  are  relevant,  I 
would  have  liked  the  editors  to  include  a 
chapter  on  adaptive  management  (briefly  men- 
tioned at  the  end  of  Chapter  7).  Presenting  a 
case  study  of  this  current  conservation/man- 
agement paradigm  could  have  benefited  read- 
ers. 

Overall,  this  book  achieves  its  goals  and 
could  serve  well  as  the  basis  for  a course  in 
avian  conservation  for  graduate  and  under- 
graduate students,  if  supplemented  with  ad- 
ditional readings  from  the  primary  litera- 
ture.—PAUL  E DOHERTY,  JR.,  Colorado 
State  University,  Fort  Collins,  Colorado; 
e-mail:  doherty@cnr.colostate.edu 


AVES  DE  LA  SABANA  DE  BOGOTA, 
GUIA  DE  CAMPO  (BIRDS  OF  THE  SA- 
BANA DE  BOGOTA,  FIELD  GUIDE).  By  E 
G.  Stiles,  C.  I.  Bohorquez,  C.  D.  Cadena,  S. 
de  la  Zerda,  M.  Hernandez,  L.  Rosselli,  M. 
Kelsey,  I.  D.  Valencia,  and  D.  Knapp.  Aso- 
ciacion  Bogotana  de  Ornitologia,  Bogota,  Co- 
lombia. 2000:  276  pp.,  16  color  plates,  15 
habitat  photographs,  3 color  maps.  $25.00. — 
This  field  guide  deals  with  the  approximately 
200  bird  species  that  have  been  recorded  on 
the  mountain  plateau  where  Colombia’s  capi- 
tal, Bogota,  is  located.  For  those  not  familiar 
with  the  region,  the  Sabana  de  Bogota  forms 
part  of  Colombia’s  eastern  Andean  range,  or 
Cordillera,  at  2,550-2,600  m elevation.  It  is 
of  international  importance  to  bird  conserva- 
tion because  it  is,  essentially,  the  only  home 
to  two  globally  threatened  endemic  species, 
Rallus  semiplumbeus  and  Cistothorus  apoli- 
nari,  as  well  as  to  several  threatened  endemic 
subspecies.  These  taxa  are  largely  restricted  to 
the  Sabana’s  marshland  habitats  or  humedales, 
which  formerly  characterized  much  of  the  Sa- 
bana. 

The  lack  of  conservation  attention  to  the 
Sabana  de  Bogota  over  recent  decades  is  a 
national  and  international  disgrace.  Most  of  its 
globally  unique  marshlands  have  been  drained 
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for  farmland  and  urban  development;  just  a 
few  small  patches  of  such  habitat  subsist  to- 
day. The  few  remaining  humedales  continue 
to  be  threatened  by  road-building  programs, 
development  of  “country  clubs”  and  other  re- 
sorts, government-endorsed  drainage  for  ad- 
ditional houses  and  urban  development,  as 
well  as  illegal  encroachment.  Andean  forest  is 
now  restricted  to  just  a few  steep  mountains 
bordering  the  Sabana.  One  bird  species  (Col- 
ombian Grebe,  Podiceps  andinus)  and  two 
subspecies  (Yellow-billed  Pintail,  Anas  geor- 
gica  niceforoi  and  Bearded  Tachuri,  Polystic- 
tiis  pectoralis  bogotensis)  endemic  to  the  Sa- 
bana and  adjacent  wetlands  are  already  ex- 
tinct; doubtless  more  will  follow  if  govern- 
ment and  industry  continue  to  shun 
conservation  of  biodiversity. 

The  authors  of  Aves  de  la  Sabana  de  Bo- 
gota aim  to  raise  awareness  of  conservation 
issues  in  Colombia’s  capital  and  surrounding 
region,  to  foster  an  interest  in  birds  amongst 
Bogota’s  people,  and  to  educate  them  so  that 
the  mistakes  of  the  past  are  not  repeated.  Con- 
servation entities  in  Colombia  have  often  ig- 
nored the  sad  realities  of  conservation  mis- 
management. It  is,  therefore,  paradoxically  re- 
freshing to  read  the  forward  by  William  Ed- 
uardo Morales  Rojas  of  Bogota’s  government 
environmental  agency,  in  which  he  draws  at- 
tention to  “the  lack  of  an  environmental  eth- 
ic” amongst  Bogota’s  inhabitants.  His  fore- 
word, an  eloquent,  clarion  call  to  conservation 
action  in  the  region,  merits  attention  by  poli- 
ticians and  other  decision-makers. 

Turning  to  the  text  itself,  it  is  evident  that 
this  book  is  more  than  just  a held  guide.  Much 
I of  the  book  (72  pages)  is  devoted  to  descrip- 
tions of  the  various  habitats  in  the  Sabana,  a 
I rationale  for  the  book’s  publication,  interpre- 
I tative  notes  on  species  and  bird  taxonomy,  and 
! how  to  observe  birds.  There  are,  of  course, 
books  entirely  devoted  to  “how  to  watch 
' birds,”  but  this  is  the  first  book  written  for 
Colombians  in  Spanish  that  covers  topics  such 
as  how  to  watch  and  observe  birds,  how  to 
“pish,”  and  what  to  look  I'or  when  choosing 
I binoculars,  d’his  book  provides  a good  and 
' concise  summary,  although  at  limes  veers  to- 
' ward  the  patroni/ing;  for  example,  apparently, 
' a 12-year-old  should  be  expected  to  identify 
I only  25  or  so  species.  By  comparison,  my 
I own  life  list  at  that  age  was  about  ISO  (in 


Europe,  not  the  tropics),  and  this  is  not  ex- 
ceptional. 

The  various  species  accounts  appear  to 
have  been  based  on  translations  of  Hilty  and 
Brown’s  accounts  in  Birds  of  Colombia,  and 
then  embellished  with  much  additional  eco- 
logical and  Sabana-specific  information 
gleaned  from  the  authors’  field  experiences. 
The  species  accounts  are  accurate  and  inter- 
esting, and  include  information  on  identifica- 
tion, vocalizations,  habitats,  nesting,  status  in 
the  Sabana,  overall  geographical  and  eleva- 
tional  distribution,  and  various  additional 
notes  on  taxonomy  or  ecology.  More  than  50 
species  of  vagrants,  accidentals,  or  birds  that 
typically  occur  only  in  the  margins  of  the  Sa- 
bana are  treated  in  short  notes;  most  of  these 
species  are  not  illustrated,  however.  Localities 
in  which  species  have  been  recorded,  or  can 
be  regularly  encountered,  and  species’  abun- 
dances in  different  habitats  of  the  region  are 
detailed.  The  species  accounts  are  extremely 
well-written,  concise,  and  accurate,  as  one 
would  expect  from  publications  by  Gary 
Stiles  and  his  team. 

Generally,  the  plates  are  good,  and  in  most 
cases  should  suffice  for  identification  purposes 
among  both  beginning  and  advanced  users  of 
the  book.  The  illustrations  of  Nearctic  mi- 
grants, in  particular,  mark  a fresh  and  wel- 
come change  from  many  other  significant 
Neotropical  ornithological  publications  in  re- 
cent years;  the  plates  of  these  species  are 
among  the  book’s  best  and  most  accurate. 
However,  the  plates  depicting  the  waders  are 
blurred,  and  plates  of  some  groups,  such  as 
nightjars  and  tapaculos,  appear  dull,  vaguely 
defined,  or  washed  out. 

Who  will  find  this  book  appealing?  As  a 
basic  introductory  text  to  birds  in  Bogota. 
Gin'a  de  las  Aves  en  el  Jardin  Botdnico  by 
Enrique  Zerda  Ordonez  describes  and  illus- 
trates most  species  one  is  likely  to  encounter 
in  Bogota.  For  those  interested  in  going  fur- 
ther afield,  one  formerly  had  to  understand 
English  and  use  Hilty  and  Brown's  Birds  of 
Colo/nbia.  Aves  de  la  Sidiana  de  Bogota  re- 
places Ciuia  de  las  Aves  en  el  Jardin  Botdnico 
as  the  leading  text  for  the  region.  It  is  likely 
that  publication  of /\\r.v  de  hi  Sabana  de  Bo- 
gota was  due.  in  part,  to  frustration  with  the 
16+  year  delay  in  publishing  the  translated 
version  of  Birds  of  Colombia  (Aves  de  C'olom- 
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hid).  Now  that  Av’^'.v  de  Colombia  is  published, 
one  wonders  how  much  Aves  de  la  Sahana 
will  be  used  in  the  held,  as  Aves  de  la  Sahana 
de  Bogota  is  restricted  to  a very  narrow  ele- 
vational  and  geographical  range.  Outside  of 
the  liumedales,  perhaps  the  most  accessible 
and  high-quality  bird  habitat  near  Bogota  is 
Reserva  Natural  Chicaque,  45  min  south  of 
the  city  by  bus.  Although  a species  list  for 
Chicaque  is  included,  and  there  are  various  in- 
text  references  to  it,  several  species  found 
there  are  not  illustrated  or  described  fully,  as 
they  do  not  occur  in  the  Sabana  sensu  strictii. 
Thus,  a Bogota-based  newcomer  to  the  world 
of  birding  is  likely  to  outgrow  Aves  de  la  Sa- 
hana de  Bogota  rather  quickly.  Perhaps  this 
outcome  is  inevitable  when  one  considers  Bo- 
gota’s geographical  position  and  transport 
links;  within  a 2-hr  drive,  one  could  be  birding 
in  the  hot,  dry  Magdalena  Valley  or  Colom- 
bia’s eastern  plains,  and,  within  a short  flight 
one  could  be  in  any  of  three  Andean  cordil- 
leras, the  Choco,  the  Carribean,  or  the  Amazon. 

Despite  its  geographical  limitations,  Aves 
de  la  Sabana  de  Bogota  will  serve  as  an  ex- 
emplary text  for  beginning  birdwatchers 
through  students  to  expert  ornithologists  in 
Colombia’s  capital.  Let  us  hope  that,  because 
of  this  book,  more  Colombians  are  encour- 
aged to  take  an  interest  in  birds,  and  to  work 
actively  toward  the  conservation  of  Bogota’s 
threatened  endemic  bird  species  and  their  hab- 
itats. 

In  addition  to  being  an  important  reference 
in  its  own  right,  the  detailed  summaries  of 
species  ecology  and  distribution  in  Aves  de 
la  Sabana  de  Bogota  will  be  of  interest  to  all 
who  work  with  Colombian  and  other  South 
American  birds.  Aves  de  la  Sabana  de  Bo- 
gota is  thorough,  contains  a wealth  of  inter- 
esting and  useful  information,  and  is  reason- 
ably priced.  Hopefully,  it  will  give  Colom- 
bia’s amazing  birds  a wider  national  follow- 
ing, and  bring  conservation  issues  to  the 
forefront  of  decision-making  in  the  Bogota 
region. — THOMAS  DONEGAN,  ProAves 
Foundation,  Reading,  United  Kingdom; 
e-mail:  foundation@proaves.org 


A CONCISE  HISTORY  OF  ORNITHOL- 
OGY. By  Michael  Walters.  Yale  University 
Press,  New  Haven,  Connecticut.  2003:  255 


pp.,  93  black-and-white  hgures.  $30.00 
(cloth). — Written  by  a British  ornithologist, 
this  book  describes  people  and  their  ideas 
from  a classical  world  perspective,  including 
not  only  the  advances,  but  the  backwaters  and 
diversions  that  delayed  the  progress  of  orni- 
thological thought.  It  is  written  in  a pleasant, 
narrative  style  and  has  a substantial  reference 
list.  The  book’s  themes  include  tragic  losses 
of  specimens  before  they  could  be  described 
for  science;  the  medical  training  of  the  ma- 
jority of  the  observers  (although  Walters  fails 
to  mention  that  William  Turner  was  a physi- 
cian); and  new  descriptions  of  species  by  men 
such  as  Pennant  and  Latham,  after  whom  spe- 
cies were  not  named  due  to  their  delay  in 
adopting  the  Linnaean  system  of  binomial 
classification. 

Walters  seems  obsessed  by  systems  of  clas- 
sification, and  although  no  book  that  high- 
lights centuries  of  history  can  be  perfect,  he 
uses  70  pages  to  list  (only  roughly  in  chro- 
nological order)  classifications  devised  by  30 
different  authors.  Perhaps  the  Index  is  repre- 
sentative of  his  obsession;  for  some  taxonom- 
ic authorities,  it  lists  the  page  of  the  classifi- 
cation but  not  the  page  where  species’  au- 
thority is  discussed.  Walters  begins  with  Wal- 
ter Charleton,  who  in  1668  classified  birds  as 
Land  or  Water  birds,  and  then,  by  what  they 
ate  and  whether  they  sang;  his  sequence  began 
with  eagles  and  ended  with  cranes.  Walters 
chose  Hans  Gadow  as  his  30“^  and  final  au- 
thority, whose  1892  classification  approaches 
that  of  current  systems,  beginning  with  ratites 
and  ending  with  Passeriformes.  Surprisingly, 
American  sequences,  such  as  those  of  Elliott 
Coues  and  Alexander  Wetmore,  and  the  seven 
consecutive  check-lists  of  the  American  Or- 
nithologists’ Union,  receive  no  mention  what- 
ever. In  addition,  Walters  categorizes  Anton 
Reichenow’s  system,  developed  in  1914,  as 
“absurd  . . . never  used  by  any  ornithologist” 
yet  that  is  the  sequence  followed  worldwide 
by  the  decimalized  library  system. 

The  main  advantage  of  Walter’s  book  over 
the  much  longer,  out-of-print,  1951  book  by 
Stresemann,  (translated  into  English  in  1975 
as  Ornithology  from  Aristotle  to  the  Present) 
is  the  numerous  portraits  of  ornithologists  that 
he  included.  One  advantage  of  Stresemann’s 
book  is  his  scholarly  use  of  footnotes  and  end- 
notes,  which  Walters’  book  lacks.  Stresemann 
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also  explains  that  Emperor  Fredrick  developed 
his  attraction  to  ornithology  through  the  “no- 
ble art  of  falconry,”  while  Walters  categorized 
the  man  as  the  first  “thinker  of  significance” 
in  ornithology. 

Walters’  historical  treatment  is  accurate,  yet 
at  times  differs  from  that  of  Stresemann.  Stre- 
semann  fails  to  mention  Johannes  de  Cuba, 
who  published  the  first  printed  book  with  bird 
illustrations  at  Mainz  in  1475,  and  Walters 
omits  Theodorus  Gaza,  who  translated  The 
History  of  Animals  from  Greek  into  Latin  in 
1476.  Stresemann  overlooked  Nehemian 
Grew,  who  used  binomial  Latin  names  for 
birds  and  named  the  Gannett,  Anser  bassanus, 
in  Museum  Regalis  in  1681.  Both  authors  give 
short  shrift  to  Linnaeus;  in  fact,  Walters  char- 
i acterized  Linnaeus’  contributions  to  ornithol- 
1 ogy  as  “almost  paltry”  compared  to  those  of 
: Brisson  and  Buffon. 

Even  those  who  own  Stresemann’s  book 
i may  wish  to  add  Walters’  to  their  collection — 
i for  its  readability,  illustrations,  availability, 

I and  relatively  low  price.  It  provides  a won- 
! derful  opportunity  to  learn  about  a large  num- 
! ber  of  interesting  and  innovative  people, 
whose  names  are  retained  in  check-lists  as  de- 
: scribers  of  new  species,  or  who  made  other 
I contributions  to  our  knowledge  about  birds. 

■ Buy  a copy  for  yourself  and  another  for  your 
i department  or  museum  library. — C.  STUART 
HOUSTON,  University  of  Saskatchewan,  Sas- 
katoon, Canada;  e-mail:  houstons@duke. 

1 usask.ca 
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THE  HISTORY  OF  ORNITHOLOGY  IN 
VIRGINIA.  By  David  W.  Johnston.  Univer- 
sity of  Virginia  Press,  Charlottesville,  Virgin- 
ia. 2003:  219  pp.,  25  black-and-white  illustra- 
tions, 7 tables.  $35  (cloth). — Virginia,  known 
as  the  birthplace  of  North  American  ornithol- 
ogy, has  a long  and  rich  history  in  ornithol- 
ogy, with  bird  reports  dating  back  to  colonial 
times.  The  History  of  Ornithology  in  Virginia 
traces  this  rich  history — from  65  million-year- 
old  fossil  birds,  to  the  visits  of  such  luminaries 
as  Mark  Catesby,  Alexander  Wilsoti,  and  Au- 
dubon, to  the  present. 

J'he  book  contains  12  chapters,  the  lirst  de- 
scribing fossil  evidence  and  the  observations 
of  16"’  Century  Native  American  peoples,  who 


created  cave  paintings  of  birds  and  used  birds 
for  decoration,  clothing,  and  food.  The  second 
chapter  describes  16'^  Century  reports  of  Eu- 
ropeans who  traveled  to  Virginia;  it  includes 
photographs  of  the  first  paintings  of  North 
American  birds  by  John  White,  and  one  of  the 
first  lists  of  North  American  birds  compiled 
by  Thomas  Hariot.  Both  White  and  Hariot 
were  members  of  Sir  Walter  Raleigh’s  expe- 
ditions. Also  included  are  Captain  John 
Smith’s  descriptions  of  Virginia  birds.  Chapter 
3 deals  with  17"^  Century  bird  lists,  explorers, 
and  naturalists,  including  John  Banister  and 
John  Clayton.  Chapter  4 traces  the  18"’  Cen- 
tury history  of  Virginia  ornithology,  including 
the  reports  and  correspondence  of  Mark 
Catesby  and  other  naturalists  that  led  to  inter- 
national recognition  of  Virginia’s  bird  life. 
Chapter  5 recounts  activities  of  19'^  Century 
collectors,  development  of  local  bird  lists,  and 
ornithological  reports  by  Alexander  Wilson, 
Audubon,  Thomas  Nuttall,  and  Thomas  Jef- 
ferson (who  compiled  a list  of  all  known  Vir- 
ginia birds). 

Chapter  6 focuses  on  contributions  made  by 
members  of  the  Smithsonian  Institution  and 
federal  government  in  the  19'^  and  20'^  cen- 
turies, including  Spencer  F.  Baird,  Thomas 
Burleigh,  Elliot  Coes,  Arthur  Howell,  Waldo 
McAtee,  C.  Hart  Merriam,  Harry  Oberholser, 
Robert  Schufeldt,  and  many  others.  Chapter  7 
describes  in  detail  several  special  places  that 
are  rich  in  birds,  including  the  Great  Dismal 
Swamp,  Shenandoah  Valley,  and  the  Virginia 
Eastern  Shore.  Chapter  8 includes  a history  of 
the  conservation  movement— in  particular,  the 
emergence  of  game  laws  and  the  development 
of  organizations  such  as  the  Virginia  Society 
of  Ornithology  and  the  Virginia  Department 
of  Game  and  Inland  Fisheries. 

Chapter  9 concentrates  on  bird  artists  such 
as  Edward  Topsell,  John  Abbot,  William  Bar- 
tram,  Alexander  Wilson,  and  Audubon,  as 
well  as  more  recent  artists — Francis  Lee 
Jaques,  Walter  Weber,  and  Roger  Jdry  Peter- 
son, all  of  whom  either  li\ed  in,  or  visited, 
Virginia.  C’hapter  9 also  reviews  the  ornitho- 
logical activities  of  several  presidents  of  the 
United  ^States  (e.g.,  fheodore  Roosevelt's 
1907  observation  and  reiiort  ot  Passenger  Pi- 
geons, Tdopistes  migratorius).  C'hapter  10 
deals  with  extiipated  and  non-native  s|X‘cies, 
including  the  Passenger  Pigeon,  ('arolina  Par- 
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akeet  {Conuropsis  carolinensis),  and  Trum- 
peter Swan  (Cygnus  buccinator).  Chapter  1 1 
concerns  raptors  and  banding,  including  an  ac- 
count— about  Mitchell  Byrd  and  others — on 
the  reintroduction  and  recovery  of  Peregrine 
Falcons  (Falco  peregrinus)  and  Bald  Eagles 
(Haliaeetns  leucocephalus)  following  the 
DDT  disaster.  The  final  chapter  discusses  Vir- 
ginia ornithology  in  the  20“^  Century,  and  in- 
cludes brief  biographies  of  more  than  a dozen 
ornithologists  who  made  important  contribu- 
tions. The  chapter  also  highlights  significant 
ornithological  accomplishments  and  published 
bird  lists  and  books.  The  book’s  appendices 
include  Algonquian  Indian  bird  names,  prin- 
cipal bird  collectors  (compiled  by  Roger 
Clapp),  and  a bibliography  of  nature  writings 
from  Virginia.  The  references  are  extensive 
and  a valuable  resource  for  those  interested  in 
Virginia’s  natural  history. 

This  book  is  well  written,  jargon-free,  and 
nicely  illustrated.  It  is  a welcome  addition  to 
the  literature  on  the  history  of  ornithology — 
especially  because  Virginia  has  been  so  im- 
portant in  the  long  and  prominent  history  of 
North  American  ornithology. — WILLIAM  E. 
DAVIS,  JR.,  Boston  University,  Boston,  Mas- 
sachusetts; e-mail:  wedavis@bu.edu 


PERU:  THE  ECOTRAVELLERS’  WILD- 
LIFE GUIDE.  By  David  L.  Pearson  and  Les 
Beletsky,  with  contributions  by  Martha  L. 
Crump.  Illustrations  by  Priscilla  Barrett,  Da- 
vid Beadle,  David  Dennis,  Daniel  Lane,  John 
Meyers,  Colin  Newman,  David  Nurney,  John 
O’Neill,  and  John  Sill.  Academic  Press,  San 
Diego,  California.  2001 : 502  pp.,  99  color  fau- 
na plates  with  detailed  legends,  13  color  fig- 
ures (12  flora  and  1 fish),  30  color  photo- 
graphs (21  habitat  and  9 fauna),  3 maps,  and 
1 table.  $29.95  (paper). — This  nicely  sized 
(5.5  X 8.5";  1.5  lb.)  Ecotravellers’  Wildlife 
Guide  (hereafter  Ecotravellers’  Guide)  is  a 
must  in  the  suitcase  of  anyone  traveling  to 
Peru  to  observe  nature.  The  highlight  for  any 
birder  is  the  61  plates  of  beautifully  painted 
birds  of  324  different  species,  many  illustrat- 
ing both  sexes  and  some  illustrating  imma- 
tures.  The  true  ecotraveller,  however,  also  will 
appreciate  the  8 plates  of  amphibians  (39  spe- 
cies), 11  plates  of  reptiles  (48  species),  15 


plates  of  mammals  (73  species),  and  4 plates 
of  arthropods  (29  species). 

Last  August,  while  1 was  traveling  in  Peru, 
this  guide  was  a constant  reference  for  all  my 
observations.  We  visited  the  coast  (Paracas 
National  Reserve),  Andes  highlands  (Cusco 
and  Machu  Picchu  areas),  and  the  Amazon 
lowlands  (Manu  National  Park).  I recorded 
139  bird  species  and  found  that  96  (69%) 
were  illustrated  in  the  Ecotravellers’  Guide. 
My  colleague,  Peter  Osenton,  who  is  a better 
bird  observer  and  spent  more  time  birding,  re- 
corded 242  bird  species,  131  (54%)  of  which 
were  in  the  Ecotravellers’  Guide.  For  more  se- 
rious birders  like  Peter,  the  Field  Guide  to 
Birds  of  Peru  (hereafter  Birds  of  Peru)  by 
James  F.  Clements  and  Noam  Shany  is  cer- 
tainly recommended.  However,  many  of  the 
other  naturalists  with  our  group  appreciated 
the  simpler  Ecotravellers’  Guide  and,  there- 
fore, were  not  too  overwhelmed  by  the  large 
number  of  species  Peru  has  to  offer. 

Although  the  Ecotravellers’  Guide  is  a great 
all-purpose  natural  history  guide  to  many  spe- 
cies, the  more  advanced  Field  Guide  to  Birds 
of  Peru  is  especially  advantageous  for  serious 
birders  dealing  with  large  families  or  genera, 
such  as  hummingbirds  and  tanagers.  The  Eco- 
travellers’ Guide  illustrates  21  species  of 
hummingbirds  and  23  species  of  tanagers, 
whereas  the  Birds  of  Peru  illustrates  an  amaz- 
ing 135  species  of  hummingbirds  and  92  spe- 
cies of  tanagers.  Several  individuals  in  our 
group,  however,  thought  that  some  of  the  bird 
illustrations  in  the  Ecotravellers’  Guide  were 
of  better  quality  and  more  accurate  than  those 
in  the  Birds  of  Peru. 

The  legend  on  the  page  opposite  each  plate 
briefly  describes  each  illustrated  species  and 
its  habitat;  it  also  provides  an  icon(s)  that 
identifies  the  region  where  the  species  may  be 
expected,  and  the  species’  scientific  name. 
This  was  especially  helpful  when  we  encoun- 
tered familiar  species,  such  as  Black  Skimmer 
{Rynchops  niger)  and  American  Oystercatcher 
{Haematopus  palliatus),  and  wanted  to  be  sure 
that  it  was,  indeed,  the  same  as  the  North 
American  species  and  not  another  species 
with  the  same  common  name. 

The  Ecotravellers’  Guide  does  not  illustrate 
some  of  the  more  familiar  North  American 
species,  such  as  the  Pied-billed  Grebe  (Podi- 
lymbus  podiceps).  Wood  Stork  (Mycteria 
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americana).  Cinnamon  Teal  {Anas  cyanop- 
tera),  and  American  Kestrel  (Falco  sparver- 
ius),  but  it  does  illustrate  other  common  North 
American  species,  such  as  Osprey  (Pandion 
haliaetus).  Great  Egret  (Ardea  alba).  Spotted 
Sandpiper  (Actitis  macularia),  and  Swallow- 
tailed Kite  (Elanoides  forficatus). 

Our  group  identified  10  primate  species,  6 
of  which  were  in  the  Ecotravellers’  Guide.  We 
also  saw  four  other  mammals  and  four  rep- 
tiles, with  three  of  the  mammals  and  all  four 
reptiles  illustrated  in  the  Ecotravellers’  Guide. 
No  amphibians  or  arthropods  illustrated  in  the 
guide  were  seen  on  the  trip. 

The  first  four  chapters  of  the  book  give  the 
reader  a good  basis  for  understanding  eco- 
tourism,  the  geography  and  habitats  of  Peru, 
the  Peruvian  parks  and  reserves  available  for 
nature  observation,  and  the  ecology  and  nat- 
ural history  of  Peru.  Chapters  5 and  6,  edited 
by  Martha  Crump,  provide  a scholarly  discus- 
sion of  amphibians  and  reptiles.  Chapters  7 
and  8 discuss  birds  and  mammals,  and  Chap- 
ter 9 features  insects  and  other  arthropods. 

In  addition  to  the  text  for  each  group  of 
animals,  the  authors  also  provide  erudite 
“close-up”  sections  on  natural  history  topics 
pertinent  to  Peru.  These  topics  include  (1) 
Why  is  farming  so  dijficult  in  the  tropics?  (2) 
Frog  population  declines,  (3)  Endemism  and 
high  species  diversity:  why  Peru?  (4)  Frugi- 
vory:  animals  that  eat  fruit  and  the  trees  that 
want  them  to,  and  (5)  Of  kingfishers  and  com- 
petition: big  bills  and  little  bills  and  how  they 
got  that  way. 

The  detailed  text  for  each  wildlife  group  in- 
cludes a discussion  about  its  natural  history. 


breeding  ecology,  and  population  status.  In- 
formation is  presented  on  why  parrots  eat  clay 
(geophagy)  at  the  famous  “clay  lick”  along 
the  Madre  de  Dios  River,  and  that  the  Scream- 
ing Piha  (Lipaugus  vociferans)  is  the  bird  spe- 
cies we  often  hear  in  the  background  of  jungle 
movies.  The  piha  is  extremely  hard  to  see;  we 
never  saw  any  despite  hearing  them  on  nu- 
merous occasions  directly  overhead  in  the 
open  canopy  of  Manu  National  Park. 

The  last  chapter  of  the  Ecotravellers’  Guide 
includes  an  important  eight-page  message  re- 
garding the  conservation  work  of  the  Wildlife 
Conservation  Society  (the  book’s  sponsor)  in 
Latin  America,  followed  by  an  appeal  to  join 
the  Society.  The  index  is  divided  into  two  sec- 
tions, one  for  wildlife  species  and  one  for  gen- 
eral subjects.  I noted  only  a few  minor  errors. 

Birdwatching  in  Peru  is  an  exciting  expe- 
rience that  can  be  improved  greatly  by  using 
the  Ecotravellers’  Guide.  When  birders  hear 
such  exotic  names  as  Black-capped  Donacob- 
ius  (Donacobius  atricapillus),  Peruvian  Sea- 
side Cinclodes  (Cinclodes  taczanowskii),  and 
Chestnut-eared  Aracari  (Pteroglossus  castan- 
otis),  they  will  be  reaching  for  this  book  to 
get  a look  at  these  strangely  named  species.  I 
highly  recommend  Peru:  The  Ecotravellers' 
Wildlife  Guide  for  all  ecotravellers  visiting 
Peru,  although  I also  advise  the  advanced 
birder  to  pack  a copy  of  Field  Guide  to  Birds 
of  Peru  for  identifying  the  more  difficult,  and 
less  common,  species  not  included  in  the  Eco- 
travellers’ Guide.— MATTHEW  C.  PERRY, 
USGS  Patuxent  Wildlife  Research  Center, 
Laurel,  Maryland;  e-mail:  matt_perry@usgs. 
gov 
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FRONTISPIECE.  Mealy  Parrots  {Amazona  farinosa\  Blue-headed  Parrots  {Pionus  menstruus),  and  Orange- 
cheeked Parrots  {Pionopsitta  barrabandi)  at  the  clay  lick  (geophagy  site)  near  the  Tambopata  Research  Center 
m southeastern  Peru.  Brightsmith  (p.  134)  reports  that  lick  use  was  highest  on  sunny  mornings  and  that 
inclement  weather  reduced  geophagy.  When  early  morning  rain  prevented  birds  from  using  the  lick,  they  did 
not  return  later  in  the  day  nor  did  they  compensate  for  rainy  mornings  by  increasing  lick  use  on  subsequent 
days.  Original  oil  painting  by  Barry  Kent  MacKay. 
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THE  COGNITIVE  FACE  OF  AVIAN  LIFE  HISTORIES 
The  2003  Margaret  Morse  Nice  Lecture 

ROBERT  E.  RICKLEFS’ 


ABSTRACT. — Cognition  includes  the  acquisition,  processing,  retention  of,  and  acting  upon  information  from 
the  environment.  Avian  cognition  has  been  investigated  by  the  approaches  of  experimental  psychology  and  in 
the  context  of  specific  tasks,  such  as  spatial  memory.  However,  the  costs  and  benefits  of  cognitive  ability  have 
not  been  considered  in  a life-history  context.  I explore  possible  relationships  between  behaviors  that  might 
indicate  cognitive  function  and  other  attributes,  particularly  brain  size,  rate  of  development,  age  at  maturity,  and 
life  span.  Large  brain  size  and  prolonged  development  are  seen  as  potential  costs  of  intelligent  behavior.  Long 
life  span  may  permit  the  extended  learning  periods  that  support  experienced-based  cognitive  function.  Play 
behavior,  which  plausibly  supports  the  development  of  motor  and  social  skills,  and,  to  a lesser  extent,  foraging 
innovations,  are  related  to  brain  size.  The  challenge  of  foraging  in  a spatially  and  temporally  varying  environ- 
ment, experienced  for  example  by  pelagic  seabirds,  is  associated  with  prolonged  embryonic  development.  Al- 
though these  connections  lack  mechanistic  foundations,  they  suggest  that  cognition  can  be  considered  as  a part 
of  the  life  history  of  the  individual  and  that  potential  costs  of  cognition  might  provide  guidelines  for  directing 
the  comparative  study  of  intelligent  behavior.  Received  30  April  2004,  accepted  7 June  2004. 


Over  the  course  of  her  remarkable  career, 
Margaret  Morse  Nice  produced  many  original 
contributions  to  ornithology,  including  her  pi- 
oneering studies  on  the  life  histories  of  birds 
(e.g.,  Nice  1937,  1943,  1957)  and  the  devel- 
opment of  behavior  (Nice  1962).  For  many  of 
us  who  were  students  during  the  1960s,  which 
was  a period  of  transformation  in  ecology  and 
behavior,  her  work  laid  the  foundation  for  all 
that  we  set  out  to  accomplish.  It  is  this  inter- 
section of  life  history  and  behavior  that  I 
would  like  to  address  in  this  contribution.  I 
am  grateful  to  the  Wilson  Ornithological  So- 
ciety, and  particularly  to  Jed  Burtt,  for  giving 
me  the  opportunity  (and  a captive  audience) 
for  exploring  ideas  that  have  fascinated  me  for 
many  years,  but  which  have  not  come  into 
clear  focus  until  now. 

Behavior  provides  the  individual  a flexible 
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relationship  with  its  environment.  The  envi- 
ronment of  every  organism  is  varied  in  space 
and  changes  constantly  through  time,  often 
unpredictably,  but  also  with  regularities  that 
can  be  learned  over  time.  Individuals  respond 
to  their  environments  in  a variety  of  ways. 
Many  behaviors  are  “hard-wired”  into  the 
nervous  system  and  express  evolved  respons- 
es, available  from  birth,  to  consistent  features 
of  an  individual’s  surroundings.  At  the  other 
extreme,  organisms  occasionally  encounter 
novel  situations  for  which  they  must  devise 
novel  solutions,  what  many  of  us  would  con- 
sider intelligent  behavior.  We  suspect  that  spe- 
cies vary  widely  in  terms  of  what  we  think  of 
as  intelligence;  most  ornithologists,  if  asked, 
would  put  parrots  and  corvids  at  the  top  of  the 
a\ian  intelligence  scale  and  relegate  doves 
and  sparrows  to  lower  pt)sitions.  although  one 
could  argue  that  individuals  of  every  species 
handle  very  well  the  tasks  necessary  for  their 
survival  and  reproduction. 
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I assume  that  most  behavior  is  adaptive  and 
contributes  to  the  lifetime  reproductive  suc- 
cess, or  fitness,  of  the  individual.  Variation  in 
capacities  for  certain  types  of  behavior  pre- 
sumably reflects  different  balances  between 
the  costs  and  benefits  of  such  behavior  in  the 
context  of  demands  of  the  environment.  I also 
assume  that  the  capacity  to  think  is  costly,  at 
least  in  terms  of  the  development  and  main- 
tenance of  the  hardware  required,  and  that  if 
it  is  not  necessary  to  think  in  a particular  way, 
individuals  should  not  bear  the  cost  of  that 
particular  ability.  This  simple  idea  constitutes 
a life-history  approach,  which  considers  the 
conflicting  contributions  of  adaptations  to  fit- 
ness resulting  from  the  allocation  of  limited 
time,  energy,  tissue,  and  other  resources.  I find 
it  remarkable  that  the  evolution  of  intelligent 
behavior  is  rarely  considered  within  a life-his- 
tory framework.  Indeed,  one  of  the  most 
widely  respected  textbooks  in  animal  behavior 
that  uses  an  evolutionary  approach  (Alcock 
1998)  does  not  list  cognition  in  its  index  and 
under  intelligence  refers  only  to  a single  page 
devoted  to  the  heritability  of  IQ. 

In  this  essay,  I have  endeavored  to  treat 
thinking,  or  the  capacity  to  think,  in  a life- 
history  context.  The  fact  that  some  birds  ap- 
pear to  do  less  “thinking”  than  others  sug- 
gests that  thought  might  have  substantial  costs 
or  that  it  might  be  highly  constrained  by  other 
aspects  of  the  life  history.  Of  course,  thought 
is  hard  to  measure.  It  is  possible,  however, 
that  some  of  the  costs  it  incurs  are  not.  These 
costs  might  involve  maintaining  a large  brain 
and  prolonging  development  to  build  a large, 
complex  nervous  system  and  acquire  the  ex- 
perience necessary  to  perceive  pattern  in  en- 
vironmental variation.  If  this  inference  were 
correct,  could  we  not  use  these  presumed 
costs  to  indicate  certain  mental  capacities?  I 
shall  use  data  on  brain  mass  and  the  length  of 
the  incubation  period  for  a large  number  of 
birds  to  construct  a two-dimensional  space 
representing  some  presumed  costs  of  cogni- 
tion. I will  then  determine  whether  certain 
kinds  of  behavior  that  are  associated  with  cog- 
nitive ability  (sociality,  appearance  of  novel 
behaviors,  play,  experience-based  foraging, 
for  example)  bear  a relationship  to  presumed 
costs  (some  do!).  Of  course,  patterns  do  not 
tell  the  whole  story.  However,  we  can  use  pat- 
terns to  guide  our  thinking  about  thought  in  a 


life-history  context.  Clearly,  this  is  a crude  be- 
ginning to  a highly  complex  and  difficult  task. 
I hope,  however,  that  this  essay  will  encourage 
readers  to  regard  intelligent  behavior  as  inte- 
gral to  the  life  history  of  the  individual  and 
subject  to  selection  that  weighs  its  costs  and 
benefits. 

WHAT  IS  COGNITION? 

According  to  Shettleworth  (2001),  cogni- 
tion, broadly  defined,  “includes  perception, 
learning,  memory  and  decision  making,  in 
short  all  ways  in  which  animals  take  in  infor- 
mation about  the  world  through  the  senses, 
process,  retain  and  decide  to  act  on  it.”  Vau- 
clair  (1996:10)  sees  cognition  more  narrowly 
as  allowing  an  individual  “to  adapt  to  unpre- 
dictable changing  conditions  in  its  environ- 
ment. Thus,  behaviors  that  would  aid  adapta- 
tion would  reflect  several  characteristics,  such 
as  flexibility,  novelty,  and  generalization. 
Flexibility  of  behavior  designates  the  possi- 
bility of  constructing  an  adapted  response  to 
unusual  external  conditions.  The  response  also 
must  be  novel  in  the  sense  that  it  does  not 
express  the  existence  of  a pre-wired  program. 
Finally,  the  novel  behavior,  established  to 
solve  a novel  problem,  must  be  susceptible  to 
generalization  to  situations  that  differ  partially 
or  totally  from  those  in  which  they  were  ini- 
tially acquired.” 

Many  psychologists  distinguish  “between 
cognition,  a possible  means  to  an  end,  and  in- 
telligence, an  assessment  of  performance 
judged  by  some  functional  criteria”  (Mc- 
Farland 1989:130).  Intelligent  behaviors  are 
often  regarded  as  specific  adaptations  to  spe- 
cific problems  (Rozin  1976).  For  example,  the 
sophisticated  navigation  abilities  of  pigeons 
appear  to  be  highly  intelligent  (Wiltschko  and 
Wiltschko  1993,  1998;  Walcott  1996;  Wallraff 
2001),  but  because  they  are  mostly  controlled 
by  hard-wired  systems,  these  abilities  cannot 
be  generalized  to  other  kinds  of  behavior. 
Thus,  by  Vauclair’s  definition,  they  cannot  be 
considered  as  an  indication  of  general  cogni- 
tive ability.  It  is  entirely  possible  that  intelli- 
gence and  cognition  defined  in  this  manner 
represent  points  on  a continuum  and  that  the 
distinction,  although  perhaps  heuristically  use- 
ful, is  artificial.  Cognitive  abilities  themselves 
are  certainly  specialized  in  many  respects.  For 
example,  Clark’s  Nutcrackers  (Nucifraga  col- 


Ricklefs  • MARGARET  MORSE  NICE  LECTURE 


121 


Limbiana)  have  a high  degree  of  spatial  cog- 
nition across  many  types  of  tasks,  but  perform 
less  well  with  non-spatial  information,  such  as 
color  (Olson  et  al.  1995). 

I shall  adopt  a broader  dehnition  of  cogni- 
tive ability  here  to  include  the  acquisition  and 
processing  of  information  from  the  environ- 
ment as  a basis  for  behavior.  I hasten  to  add 
that  the  study  of  animal  cognition  is  not  the 
study  of  animal  consciousness,  although  con- 
sciousness (self-awareness)  should  be  consid- 
ered as  a type  of  cognitive  behavior  (Rozin 
1976;  Griffin  1984,  1985;  Terrace  1984;  Roit- 
blatt  1987;  Bekoff  2000). 

Many  researchers  regard  as  central  to  cog- 
nition the  concept  of  a cognitive  map  (Roit- 
blatt  1982,  1987;  Gallistel  1990;  Gervet  et  al. 
1996).  Animals  acquire  and  remember  land- 
marks, attach  values  to  them,  and  incorporate 
changes  in  these  landmarks  over  time.  Cog- 
nitive maps  may  represent  physical  space  (Ka- 
mil and  Jones  1997,  Gibson  and  Kamil  2001), 
or  they  may  relate  to  social  “space,”  predator 
“space,”  weather  “space,”  and  the  like.  A 
cognitive  map  is  a representation  of  features 
of  the  world  in  the  brain  itself,  and  neurobi- 
ologists are  beginning  to  discover  the  corre- 
spondence between  the  two  (e.g.,  Jarvis  and 
Mello  2000,  Bingman  and  Able  2002). 

HOW  DO  WE  ASSESS  COGNITIVE 
ABILITIES? 

Corvids  and  parrots  are  generally  regarded 
as  intelligent  and  sociable  (Takahashi  and  Kel- 
ler 1994;  Hunt  1996;  Marler  1996;  Cohen  et 
al.  1998;  Pepperberg  1999,  2002;  Bugnyar  et 
al.  2001;  Baida  and  Kamil  2002;  Bugnyar  and 
Kotrschal  2002;  Heinrich  2002;  Hunt  et  al. 
2002;  Knudsen  2002).  What  does  this  mean? 
We  have  various  tools  for  probing  the  cogni- 
tive abilities  of  animals.  The  most  important 
of  these  comprise  the  methods  of  experimen- 
tal psychology,  in  which  mental  capacities  are 
assessed  by  performance  in  various  kinds  of 
behavior  tests.  A second  approach,  which  may 
have  broader  application  in  comparative  stud- 
ies, is  to  record  behavioral  correlates  of  cog- 
nitive ability.  Recently,  the  frequency  of  be- 
havioral innovations  has  received  attention  in 
this  regard  (Lefebvre  et  al.  1997,  1998;  Ni- 
colakakis  and  Ixfebvrc  2()()0)  and  particular 
cases,  such  as  tool  making  in  New  C’aledonian 
Crows  (Corvus  nu)ncduloiclcs\  Hunt  1996, 


Chappell  and  Kacelnik  2002,  Hunt  and  Gray 
2002,  Weir  et  al.  2002),  have  received  consid- 
erable and  well-deserved  attention  in  the  me- 
dia. A third  approach  is  to  infer  cognitive  abil- 
ities from  the  kinds  of  problems  that  animals 
have  to  solve  in  their  daily  lives.  That  is,  we 
can  ask  what  kinds  of  mental  function  are 
needed  for  an  individual  to  behave  the  way  it 
does  in  its  particular  environment.  For  exam- 
ple, tracking  nectar  sources  by  hummingbirds 
(Garrison  and  Gass  1999,  Bateson  et  al.  2003) 
and  cache  retrieval  by  jays  (Baida  et  al.  1996; 
Griffiths  et  al.  1999;  Clayton  et  al.  2001, 
2003;  Baida  and  Kamil  2002)  may  require 
more  sophisticated  spatial  and  temporal  rep- 
resentations than  leaf  gleaning  by  warblers 
and  ground  foraging  by  doves. 

Representation,  which  might  be  thought  of 
as  the  formation  of  mental  images,  can  be  ver- 
ified in  its  simplest  form  by  various  tests  of 
memory  (e.g.,  Griffiths  et  al.  1999,  Clayton  et 
al.  2001).  Beyond  this,  experimental  compar- 
ative psychology  investigates  problem-solving 
abilities  associated  with  concepts  of  sets,  iden- 
tity and  oddity,  perceptual  categories,  serial 
learning,  and  imagery  (Vauclair  1996).  In  an 
experimental  setting,  identifying  the  formation 
of  sets,  for  example,  involves  a subject’s  abil- 
ity to  generalize  the  concept  of  similarity  to 
novel  objects;  serial  learning  is  revealed  by 
the  ability  to  construct  a correct  sequence  out 
of  a subset  of  sequentially  presented  stimuli; 
and  so  on.  Many  excellent  reviews  detail  the 
results  of  experimental  psychology  (Pearce 
1987;  Gallistel  1989;  Ristau  1991;  Byrne 
1994;  Baida  et  al.  1996,  1998;  Vauclair  1996; 
Shettleworth  1998;  Griffiths  et  al.  1999;  Pep- 
perberg 1999;  Heyes  and  Huber  2()()();  Clay- 
ton et  al.  2001;  Wynne  2001;  Bekoff  et  al. 
2002). 

In  a comparative,  life-history  framework, 
the  approaches  of  experimental  psychology 
become  laborious  and  context  dependent.  For 
example,  it  is  difficult  to  compare  the  results 
of  psychological  tests  on  species  with  \aricd 
communication  modalities  and  different  prt)b- 
lem  solving  requirements  in  their  lives,  riicrc- 
fore,  the  analyses  in  this  discussion  rely  on 
various  presumed  behavioral  correlates  of 
cognitive  function  and  inferences  concerning 
cognitive  function  from  the  bcha\  ioral  de- 
mands posed  by  tasks  that  organisms  accom- 
plish in  their  tlaily  lives. 
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COGNITION  AS  A LIFE-HISTORY  TRAIT 

The  benefits  of  cognition. — The  value  of 
cognition  must  involve  functioning  in  a com- 
plex, variable  environment  where  decisions 
conditioned  by  experience  or  reasoning  are 
crucial.  As  explained  by  W.  J.  Smith  (1990), 
cognitive  function  enables  prediction  and 
shapes  expectation  about  the  environment,  in- 
cluding social  interactions  (see  also  Stephens 
1989).  Examples  include  food  caching  (Krebs 
et  al.  1996,  Gibson  and  Kamil  2001,  Kamil 
and  Cheng  2001),  risk  assessment  associated 
with  variable  rewards  (Real  1991,  1993;  Ka- 
celnik  and  Bateson  1996;  Bateson  and  Kacel- 
nik  1997;  Garrison  and  Gass  1999;  Marsh  and 
Kacelnik  2002;  Schlick-Paim  and  Kacelnik 
2002),  context-dependent  responses  to  social 
signaling  (W.  J.  Smith  1990),  social  negotia- 
tion based  on  shared  information  (Smith  1997, 
1998),  and  reciprocal  altruism  depending  on 
long-term  association  with  identifiable  indi- 
viduals (Trivers  1971,  Axelrod  and  Hamilton 
1981). 

The  costs  of  cognitive  ability. — The  asso- 
ciation of  well-developed  cognitive  abilities 
with  a large  brain  may  be  a particularly  hu- 
man conceit,  but  many  studies  of  differences 
in  behavior  among  species  are  generally  con- 
sistent with  such  a relationship  (Jerison  1973, 
Clutton-Brock  and  Harvey  1980,  Macphail 
1982,  Dunbar  1992)  and  certain  measured 
cognitive  abilities  are  related  to  the  size  of 
relevant  parts  of  the  brain.  I am  referring  in 
particular  to  the  relationship  between  spatial 
memory  and  the  size  of  the  hippocampus 
(Healy  and  Krebs  1996,  Biegler  et  al.  2001), 
but  similar  structure-function  connections  are 
evident  with  respect  to  other  behaviors,  such 
as  singing,  and  related  brain  regions  (Bren- 
owitz  et  al.  1985,  Brenowitz  and  Arnold  1986, 
Devoogd  et  al.  1993,  Bernard  et  al.  1996),  al- 
though one  must  exercise  caution  in  general- 
izing such  connections  (Aboitiz  1996,  2001). 

The  brain  is  thought  to  be  an  expensive  or- 
gan metabolically  (Field  et  al.  1939,  Martin 
and  Fuhrman  1955,  Aiello  and  Wheeler  1995) 
and  large  brain  size  presumably  also  applies 
architectural  stresses  on  morphology  and  as- 
pects of  animal  function  (Aboitiz  1996). 
Flight  itself  may  impose  some  limits  on  brain 
size.  Another  cost  of  a larger  brain  or  more 
precise  and  complex  neural  connections  with- 


in the  brain  may  be  prolonged  development. 
The  basic  architecture  of  the  brain  and  most 
of  its  growth  occurs  before  birth  in  mammals 
(Pagel  and  Harvey  1988),  and  this  is  also  true 
in  birds  (Portmann  and  Stingelin  1961;  Starck 
1993,  1998;  Ricklefs  and  Starck  1998).  Birds 
exhibit  tremendous  variation  in  the  length  of 
the  incubation  period — more  than  a factor  of 
three  when  incubation  period  is  normalized  by 
egg  size  (Ricklefs  1993).  Costs  of  prolonged 
incubation  include  increased  exposure  to  time- 
dependent  mortality,  higher  energy  require- 
ments of  embryonic  growth,  and  increased  re- 
productive stress  for  parents.  The  benefits  of 
long  incubation  periods  have  not  been  iden- 
tified, although  presumably  they  reflect  a 
higher  quality  chick  (Ricklefs  1992,  1993). 

A more  cognitive  life  style  might  also  be 
associated  with  a long  learning  period  to  ac- 
quire information,  leading  to  delayed  repro- 
duction and  reduced  lifetime  reproductive  suc- 
cess. For  example,  increased  cognitive  ability 
might  carry  with  it  the  opportunity  to  exploit 
a type  of  food  supply  that  is  not  available,  or 
is  less  efficiently  used,  without  acquiring  ex- 
tensive information  about  temporal  and  spatial 
distribution  of  prey  or  of  suitable  foraging 
conditions.  Complex  social  settings  may  re- 
quire learning  appropriate  responses  to  indi- 
vidual variations  in  behavior  and  signaling. 

CAN  WE  RECOGNIZE  COGNITIVE 

ABILITIES  BY  THEIR  ASSOCIATED 
COSTS? 

I believe  that  the  most  obvious  candidates 
for  costs  are  brain  size  and  embryonic  devel- 
opment period.  Postnatal  growth  rate  and  age 
at  maturity  are  also  reasonable  choices  in  that 
they  refleet  a substantial  portion  of  brain 
growth  and  development  and  the  most  signif- 
icant part  of  an  individual’s  learning  period. 
In  fact,  these  measures  are  generally  correlat- 
ed with  embryonic  development. 

The  relationship  between  brain  mass  and 
body  mass  in  birds  is  shown  in  Figure  1.  The 
residuals  from  the  logarithmic  regression  pro- 
vide a body  mass-specific  index  to  relative 
brain  size.  Averaged  over  larger  taxonomic 
groups  of  birds  (Sibley  and  Monroe  1990), 
these  residuals  identify  several  families  with 
larger-than-average  brain  mass:  Psittacidae, 
Strigidae,  Corvidae,  Picidae,  Bucerotidae.  It  is 
not  surprising  to  find  the  parrots  and  corvids 
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EIG.  1.  Relationship  between  brain  mass  and  body  mass  in  birds  based  on  data  for  837  species  in  104 
families  (for  details,  see  Nealen  and  Ricklefs  2001).  Regression  within  orders  (n  = 23)  E,  ygo  = 6590,  P < 0.001, 
slope  = 0.625  ± 0.008,  intercept  = -0.997;  thus,  the  equation  is  log  brain  = -0.997  + 0.625  X log  body. 

= 0.952,  RMSE  (within  orders)  = 0.114.  Order  effect;  F22JS0  ~ 48.8,  P < 0.001.  Residuals  are  calculated  from 
this  regression  line.  Among  families  represented  by  more  than  10  individuals,  those  with  the  highest  residual 
brain  masses  were  Psittacidae  (0.27  ± 0.10  SD,  n = 49),  Strigidae  (0.25  ± 0. 17,  n = 24),  Corvidae  (0.24  ± 
0.10,  n = 21),  Picidae  (0.22  ± 0.11,  n = 13),  and  Bucerotidae  (0.15  ± 0.07,  n = 13).  Those  with  the  lowest 
residuals  were  Phasianidae  (-0.30  ± 0.11,  n = 39),  Columbidae  ( — 0.22  ± 0.10,  n = 21),  Anatidae  (-0.14  ± 
0.09,  n = 64),  Scolopacidae  (-0.12  ± 0.05,  n = 27),  and  Trochilidae  (-0.12  ± 0.06,  n = 27). 


near  the  top  of  the  list,  and  hornbills  are  also 
known  for  complex  social  behavior  (Kemp 
1995),  which  might  be  indicative  of  well-de- 
veloped cognitive  abilities.  Owls  have  very 
sophisticated  foraging  methods  involving 
complex  processing  of  auditory  information 
(Takahashi  and  Keller  1994,  Cohen  et  al. 
1998,  Knudsen  2002).  I must  have  underesti- 
mated woodpeckers  in  the  past,  although 
Acorn  Woodpeckers  (Melcinerpes  formicivo- 
rus)  certainly  exhibit  complex  social  behavior 
(e.g.,  Koenig  and  Mumme  1987,  Koenig  et  al. 
1998).  Families  on  the  bottom  of  the  list  of 
relative  brain  size  are  Phasianidae,  Columbi- 
dae, Anatidae,  Scolopacidae,  and  Trochilidae. 
It  is  notable  that  three  of  these  groups  have 
precocial  offspring  whose  brains  are  well  de- 
veloped at  hatching  (Ricklefs  and  Starck 
1998).  It  may  also  be  signihcant  that  four  of 
the.se  groups  constitute  the  bulk  of  bird  spe- 
cies that  have  been  hunted  commercially  ;ind 
for  sport. 

The  relationship  between  incubation  period 
and  egg  mass  in  birds  is  shown  in  Figure  2. 
Again,  residuals  from  the  logarithmic  regres- 


sion provide  an  index  to  relative  incubation 
period.  In  this  case,  taxa  with  exceptionally 
long  incubation  periods  include  Procellariifor- 
mes,  Accipitridae,  Spheniscidae,  Psittacidae, 
Strigidae,  Bucerotidae,  and  Falconidae.  Three 
of  these  families  also  have  exceptionally  large 
relative  brain  size.  In  addition,  the  group  in- 
cludes two  lineages  of  seabirds  and  most  rap- 
torial birds.  On  the  low  end  of  the  scale  are 
the  Picidae,  Columbidae,  Fringillidae,  Mus- 
cicapidae,  and  Passeridae,  all  of  which  have 
extremely  altricial  development  and  tend  to 
have  small  body  sizes. 

Residuals  from  the  brain  mass  and  incuba- 
tion period  regressions  define  a space  within 
which  any  particular  group  of  birds  can  be 
placed.  Within  this  space,  the  presumed  cost 
of  cognition  increases  with  larger  rclati\c 
brain  size  and  longer  relati\e  embryonic  de- 
velopment, and  this  is  where  (uie  expects  to 
find  birds  with  the  most  de\elopeil  cognitise 
abilities.  Because  we  ha\e  little  tlirect  com- 
parative information  on  the  cogniti\e  capaci- 
ties of  birtls.  with  the  exeeption  of  pigeons, 
parrots,  and  cor\ ids.  I shall  eonsider  several 
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FIG.  2.  Relationship  between  incubation  period  and  egg  mass  in  birds  based  on  799  species  in  19  orders 
(lor  details,  see  Ricklel's  1993).  Regression  within  orders  {n  = 19)  f’l  7V6  = 203,  P < 0.001,  slope  = 0.160  ± 
0.008,  intercept  = 1.099  ± 0.073;  thus,  the  equation  is  log  incubation  period  = 1.099  + 0.160  X log  egg  mass, 
IP  = 0.833,  RMSE  (within  orders)  = 0.073.  Order  elYeet:  E18.776  = 35.1,  P < O.OOl.  Residuals  are  calculated 
from  this  regression  line.  Among  taxa  with  exceptionally  long  relative  incubation  periods  are  Procel lari i formes 
(0.323),  Sulidae  (0.239),  Accipitridae  (0.174),  Trochilidae  (0.172),  Apodidae  (0.156),  Spheniscidae  (0.153),  Psit- 
tacidae  (0.146),  Strigidae  (0.137),  Bucerotidae  (0.135),  and  Falconidae  (0.135).  Those  with  exceptionally  short 
incubation  periods  include  Sturnidae  (-0.1  19),  Picidae  (-0.088),  Columbidae  (-0.067),  Fringillidae  (-0.053), 
Muscicapidac  ( — 0.048),  and  Passeridae  ( — 0.031). 


behavior  indices  that  might  plausibly  be  re- 
lated to  cognition:  ( 1 ) cooperative  breeding; 
(2)  sociality,  or  group  living;  (3)  play  behav- 
ior; (4)  foraging  innovations;  and  (5)  chal- 
lenging foraging  situations.  I shall  also  com- 
pare the  putative  costs  to  life  span  (which  is 
also  closely  related  to  age  at  maturity)  to  as- 
sess the  idea  that  some  types  of  cognitive  be- 
havior require  extensive  learning  periods. 

Cooperative  breeding. — My  criterion  for 
cooperative  breeding  for  each  family  or  other 
large  taxonomic  group  is  the  proportion  of 
species  exhibiting  helping  behavior,  reported 
by  Jerram  Brown  (1987:table  3.1).  The  ratio- 
nale for  using  cooperative  breeding  as  an  in- 
dex to  cognition  is  that  in  many  family  or  ex- 
tended family  groups,  individuals  discriminate 
the  recipients  of  helping  behavior  on  the  basis 
of  relationship,  which  requires  the  learning  of 
kin  relationships  (Emlen  et  al.  1995).  The  tax- 
onomic groups  with  the  highest  proportion  of 
helping,  according  to  Brown’s  summary,  are 
the  hornbills,  other  coraciiforms,  grebes,  cor- 
vids, and  mousebirds.  Hornbills  and  corvids 
also  get  high  scores  for  the  putative  costs  of 


cognition.  In  general,  however,  the  proportion 
of  species  with  helping  behavior  is  unrelated 
to  either  relative  brain  mass  or  relative  incu- 
bation period.  In  a stepwise  multiple  regres- 
sion of  the  proportion  helping  (SAS  PROC 
GLM),  neither  relative  brain  mass  (F,  20  = 
0.46,  P = 0.50)  nor  relative  incubation  period 
(F|  2o  = 2.96,  P ==  0.10)  were  signiheant  ef- 
fects (total  = 0.142).  In  retrospect,  helping 
behavior  is  probably  not  a good  cognition  in- 
dex because,  in  essence,  helping  merely  com- 
bines failure  to  disperse  with  what  all  birds 
with  altricial  development  do  naturally,  that  is, 
feed  offspring. 

A more  pertinent  index  might  be  the  capac- 
ity to  develop  complex  interactions  within  and 
among  extended  family  groups  in  species  with 
social  breeding,  where  reproductive  success 
may  hinge  on  personal  knowledge  of,  and 
long-term  association  with,  other  individuals 
in  the  group.  For  example,  among  the  species 
of  cooperatively  breeding  birds  detailed  in 
Stacey  and  Koenig  (1990),  those  engaging  in 
colonial  breeding  belonged  to  coraciiforms 
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EIG.  3.  Relationship  between  number  of  publications  describing  play  behavior  and  relative  brain  size  (left) 
and  life  span  (right).  Erom  data  compiled  by  Eagen  (1981). 


and  corvids  (J.  N.  M.  Smith  1990:table  2), 
taxa  with  relatively  large  brains. 

Sociality. — Group  living  balances  benefits 
of  group  defense  and  social  foraging  against 
the  costs  of  local  competition  for  resources 
and  social  strife.  Social  behavior  is  thought  by 
many  authors  to  go  hand  in  hand  with  cog- 
nitive behavior  and  brain  size  in  primates  (Sa- 
waguchi  1990,  1992;  Dunbar  1992,  1993). 
The  “social  complexity  hypothesis”  states 
that  living  in  large  groups  selects  for  enhanced 
cognitive  abilities  with  respect  to  recognizing 
individuals  and  assessing  social  relationships 
(Cheney  and  Seyfarth  1990,  Byrne  and  Whit- 
en 1997,  Kummer  et  al.  1997).  Support  for 
this  hypothesis  has  recently  come  from  ex- 
perimental studies  on  cognitive  abilities  in 
jays  (Bond  et  al.  2003).  My  criterion  for  group 
living  was  the  tendency  to  form  groups  with 
complex  social  structure.  Both  parrots  and 
corvids  place  high  on  the  list  of  such  taxa,  but 
to  keep  things  simple  1 subjectively  assigned 
taxa  a score  of  either  0 or  1.  Among  the  less 
social  taxa  are  ducks,  doves,  cuckoos,  quail, 
oscine  passerines,  and  raptors;  among  the 
more  social  taxa  are  parrots,  corvids,  many 
seabirds,  and  many  coracii forms.  Again,  as  in 
the  case  of  helping  behavior,  group  living  was 
not  a significant  effect  in  an  analysis  of  vari- 
ance (ANOVA:  SAS  PROC  GEM)  for  either 
relative  brain  mass  (/ j 33  = 2.04,  P = 0.16,  /C 
= 0.05S)  or  relative  incubation  period  (/  | 3,,  = 
0.95,  P = 0.34,  R~  = 0.031).  Nor  did  a dis- 
criminant analysis  with  body  size,  relative 
brain  mass,  and  relative  incubation  period  dis- 
tinguish social  versus  non-social  species  (/'  v^h 
= 0.69,  = 0.57).  Different  observers  would 


assign  different  scores,  but  the  result  probably 
would  not  change.  Again,  the  problem  with 
group  living  as  an  index  to  cognition  is  that 
many  associated  behaviors  may  require  little 
more  cognitive  capacity  than  the  kinds  of  co- 
operative and  antagonistic  interactions  that  all 
birds  engage  in,  whether  social  or  not.  A bet- 
ter understanding  of  more  complex  behavior 
in  social  species  based  on  individual  knowl- 
edge and  association  might  lead  to  a better 
index  (e.g.,  W.  J.  Smith  1990,  1998),  but  this 
is  beyond  my  understanding  of  bird  societies. 

Play. — Play  is  a more  promising  indicator 
of  cognitive  abilities  because  play  presumably 
represents  practice  behaviors  that  refine  phys- 
ical and  social  skills  (Fagen  1981,  Byers  and 
Walker  1995,  Bekoff  and  Byers  1998).  Un- 
fortunately, there  is  no  widely  accepted  deli- 
nition  of  play  in  birds  and  comparative  studies 
of  avian  play  behavior  are  largely  lacking.  We 
all  know  play  when  we  see  it,  but  many  re- 
ports of  play  in  the  ornithological  literature 
are  similarly  anecdotal.  1 have  taken  as  my 
index  to  play  the  number  of  publications  de- 
scribing play  behaviors  listed  in  fables  3-26 
to  3—28  of  Fagen  ( 1981 ).  The  taxa  that  come 
out  on  top  of  this  list  are  falcons,  passcrids. 
parrots,  accipiters,  and  corvids,  fhe  sample  is 
undoubtedly  biased  by  the  large  number  of 
studies  on  these  groups;  however,  it  is  note- 
worthy that  each  of  these  li\e  taxa  has  above- 
average  relati\e  brain  si/e  (fig.  3).  fhe  data 
were  analyzed  by  a stepwise  multiple  regres- 
sion, with  body  mass,  relative  brain  mass 
(rbrain).  relative  incubation  period,  and  life 
span  as  iiuleiKMulent  \ariables.  In  this  analysis, 
brain  size  (/  | .„  7.0.  P 0.01 4)  and  life 
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span  {F^  2b  ^ 5.85,  P - 0.023)  explained  37% 
of  the  variance  in  number  of  citations  of  play 
behavior.  Relative  brain  size  by  itself  ex- 
plained 23%  of  the  variance  (/^i  2?  = 8.1,  P = 
0.008,  play  - 4.42  [±1.00]  + iv.29  [±6.08] 
rbrain). 

Foraging  innovations. — Louis  Lefebvre  and 
his  colleagues  at  McGill  University  have  re- 
cently tabulated  reports  of  foraging  innova- 
tions from  the  literature.  Lefebvre  et  al.  (1997) 
define  foraging  innovation  as  “either  the  in- 
gestion of  a new  food  type  or  the  use  of  a new 
foraging  technique,”  generally  a behavior  re- 
ported either  for  the  first  time  or  as  being 
highly  unusual  for  a given  species.  These  in- 
clude such  diverse  behaviors  as  an  American 
Kestrel  (Falco  sparverius)  drowning  a Red- 
winged Blackbird  (Agelaius  phoeniceus),  a 
Hooded  Merganser  {Lophodytes  cucullatus) 
depredating  an  adult  meadow  vole  (Microtus 
pennsylvanicus),  and  sparrows  searching  car 
radiator  grills  for  insects.  Here,  I use  as  an 
index  the  proportion  of  papers  on  a particular 
taxonomic  group  that  describe  foraging  inno- 
vations, compiled  for  North  American  and 
Australian  birds  by  Lefebvre  et  al.  (2001). 
Thus,  this  index  is  corrected  for  research  ef- 
fort. Incidentally,  more  than  half  of  the  re- 
ported innovations  in  North  American  birds 
come  from  the  pages  of  The  Wilson  Bulletin, 
which  remains  one  of  the  few  ornithological 
journals  that  publishes  natural  history  obser- 
vations. 

Lefebvre  and  his  colleagues  have  shown 
that  the  incidence  of  foraging  innovations  is 
positively  related  to  brain  size  (Lefebvre  et  al. 
1997,  1998,  2001).  My  analysis  also  reveals 
such  a relationship,  although  it  is  weak  (r  = 
0.38,  P < 0.05;  arcsin-transformed:  r = 0.46, 
P = 0.016,  n = 27).  The  taxa  with  the  highest 
incidence  of  reported  foraging  innovations 
were  the  cranes  and  their  relatives  (Gruidae), 
falcons  (Falconidae),  parrots  (Psittacidae), 
hummingbirds  (Trochilidae),  rails  and  their 
relatives  (Rallidae),  and  swifts  (Apodidae). 
Multiple  regression  showed  that  incidence  of 
foraging  innovations  is  unrelated  to  body 
mass,  relative  incubation  period,  mode  of  de- 
velopment, and  life  span.  How  foraging  in- 
novation might  be  related  to  inherent  accep- 
tance or  avoidance  of  new  stimuli  (neophobia) 
is  an  interesting,  but  unexplored  problem 
(e.g.,  Marples  et  al.  1998,  Greenberg  and 


Mettke-Hofmann  2001,  Mettke-Hofmann  et 
al.  2002). 

The  challenge  of  finding  food. — Feeding  is 
a behavior  common  to  all  birds,  however,  dif- 
ferent prey  present  widely  different  behavioral 
challenges.  I presume  that  the  most  challeng- 
ing types  of  prey  resources  are  those  that  ex- 
hibit extreme  temporal  and  spatial  heteroge- 
neity, such  as  the  prey  of  most  pelagic  sea- 
birds, or  those  that  have  well-developed  abil- 
ities to  sense  and  evade  predators,  such  as  the 
prey  of  many  raptorial  birds  (see  also,  Glut- 
ton-Brock and  Harvey  1980,  Milton  1988, 
Dunbar  1992).  Other  birds  handle  special 
challenges,  such  as  those  which  feed  by  trap- 
lining on  changing  arrays  of  flowers  (hum- 
mingbirds) or  widely  dispersed  fruiting  trees 
(some  tropical  frugivores).  I regarded  species 
that  feed  on  fine-grained  food  resources, 
where  success  is  proportional  primarily  to 
searching  time  rather  than  special  searching 
strategies  (foliage  gleaners,  most  seed-eaters, 
for  example),  as  not  requiring  well-developed 
cognitive  abilities.  I classified  foraging  as 
very  challenging  (2:  raptors,  swifts,  seabirds), 
moderately  challenging  (1:  corvids,  parrots, 
hummingbirds,  plovers,  flycatchers,  wood- 
peckers, several  tropical  fruit-eating  groups), 
and  less  challenging  (0:  most  opportunistic 
ground  feeders,  waterfowl,  most  passerines). 

Analyses  of  variance  with  foraging  chal- 
lenge as  the  main  effect  were  not  significant 
for  body  mass  (F232  = 2.82,  P — 0.075),  but 
were  highly  significant  for  relative  brain  size 
(7^2,32  = 8.27,  P = 0.001,  = 0.34)  and  rel- 

ative incubation  period  (F229  — 7.06,  P = 
0.003,  /?2  = 0.33)  (Fig.  4).  Relative  incubation 
period  increased  from  foraging  class  0 (0.017 
± 0.072  SD,  n = 17)  to  class  1 (0.073  ± 
0.084,  ^ = 11)  and  class  2 (0.149  ± 0.071,  n 
= 7);  relative  brain  size  increased  from  for- 
aging class  0 (-0.153  ± 0.141,  n = 17)  to 
class  1 (0.062  ± 0.129,  n = 11),  but  was  not 
significantly  higher  in  class  2 (—0.023  ± 
0.152,  n = 7).  Because  mode  of  development 
is  associated  with  both  brain  size  (precocials 
smaller)  and  incubation  period  (precocials 
longer),  I analyzed  the  data  again  only  for  taxa 
with  altricial  development.  Precocial  species, 
except  plovers,  which  actively  pursue  mobile 
prey,  were  placed  in  challenge  class  0.  In  this 
second  analysis  without  precocial  species,  rel- 
ative brain  size  was  no  longer  significant  (F2 jg 
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EIG.  4.  Groups  of  birds  exhibiting  different  levels 
of  foraging  challenge  (circles:  low,  triangles:  moderate, 
squares:  high)  as  a function  of  relative  brain  mass  and 
relative  incubation  period.  Groups  with  altricial  devel- 
opment are  shown  as  filled  symbols,  those  with  pre- 
cocial  development  as  open  symbols. 
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= 1.96,  P — 0.17),  body  size  was  marginally 
significant  (F2  jg  = 3.7,  P = 0.046,  = 0.30), 

and  relative  incubation  period  explained  a 
larger  proportion  of  the  variance  (^2,18  ^ 12.7, 
P < 0.001,  = 0.60).  Mean  relative  incu- 

bation periods  for  the  foraging  classes  were 
(class  0:  -0.042  ± 0.070  SD,  n = 5;  class  1: 
0.059  ± 0.084,  n = 9;  class  2:  0.172  ± 0.042, 
n = 6). 

DEMOGRAPHY  AND  COGNITION 
Long  life  span  is  strongly  associated  with  a 
low  reproductive  rate,  delayed  maturity,  and 
slow  rate  of  senescence  (Ricklefs  1973,  2000; 
Ricklefs  and  Scheuerlein  2001).  Long  life 
span  may  also  promote  the  ability  of  an  in- 
dividual to  make  use  of  well-developed  cog- 
nitive capacities  owing  to  long  learning  peri- 
ods, including  apprenticeships  with  older  in- 
dividuals, and  extensive  experience  with  tem- 
poral and  spatial  variation  in  the  environment. 
Most  species  present  evidence  of  improved  re- 
productive success  with  experience  and  age 
(CoLilson  1966,  Ollason  and  Dunnct  1978, 
Newton  1985,  Perrins  and  McCleery  1985), 
which  may  be  attributed  to  the  acquisition  of 
information  rather  than  the  development  of 
physical  skills.  Thus,  it  is  reasonable  to  ask 
whether  species  with  long  life  spans  tlemon- 
stratc  higher  cognitive  skills  or  costs  associ- 
ated with  cognition. 
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FIG.  5.  Connections  between  life-history  variables 
and  indicators  of  cognitive  function  revealed  by  anal- 
yses in  this  study.  Dashed  arrows  indicate  weak  cor- 
relations. 


I used  as  a measure  of  life  span  the  maxi- 
mum longevity  for  a taxonomic  group  report- 
ed in  the  compilation  of  Carey  and  Judge 
(2000).  Among  the  taxa  sampled  in  this  anal- 
ysis, life  span  is  positively  correlated  with 
body  mass  (r  = 0.43,  P = 0.017,  n - 30), 
relative  incubation  period  (r  = 0.48,  P = 
0.009,  n = 29),  and  number  of  publications 
reporting  play  behavior  (r  = 0.65,  P = 0.006, 
n = 16),  but  not  relative  brain  mass  (r  = 0.25, 
P = 0.19,  n = 30).  Neither  the  proportion  of 
species  exhibiting  cooperative  breeding  {r  = 
-0.251,  P - 0.27,  n - 21)  nor  the  frequency 
of  reports  of  innovation  (r  = 0.24,  P = 0.23, 
n = 26)  was  significantly  related  to  life  span. 
Life  span  also  did  not  differ  among  taxa  in 
different  foraging  challenge  classes  (F227  = 
0.85,  P = 0.44).  Taxa  with  higher  tendencies 
to  form  social  groups  had  marginally  longer 
life  spans  than  less  social  taxa  (/-Y28  “ 

= 0.042,  H = 0.14). 

Connections  between  behavior  and  life-his- 
tory variables  found  in  this  analysis  are  dia- 
grammed in  Figure  5.  Play  beha\  ior  and  for- 
aging innovations  are  pc^sitively  related  to 
large  brain  mass  and,  in  the  case  of  play,  h)iig 
life.  Challenges  of  foraging  are  iikuc  closely 
associated  with  relatively  long  incubati(ui  pe- 
riod, which  itself  is  correlated  v\ith  life  span, 
riius,  several  life-history  traits  might  be  as- 
sociated with  well-developed  cogniti\e  abili- 
ties: large  brain  si/e,  com|')lcx  brain  structure, 
and  slow  development  as  costs  (or  enabling 
adaptations):  high  parental  investment,  de- 
layed maturity,  and  long  life  span  as  assoei- 
atetl  traits;  and  complex  foraging  aiul  social 
behavit>rs  as  benefits. 
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DIFFERENT  WAYS  OE  BEING 
INTELLIGENT 

The  association  of  challenging  foraging 
with  embryonic  development  and  the  associ- 
ation of  play  and  foraging  innovation  with 
brain  size  raises  the  question  of  whether  there 
are  different  ways  of  being  intelligent,  each  of 
these  relationships  representing  different  com- 
ponents of  cognitive  ability.  Many  authors 
have  made  the  distinction  between  special  and 
general  intelligence,  the  difference  essentially 
between  experience-based  decision-making 
and  reasoning  (Rozin  1976,  McEarland  1989, 
Vauclair  1996).  The  first  might  be  thought  of 
as  being  retrospective,  building  on  the  accu- 
mulation of  information  about  the  environ- 
ment and  processing  it  in  ways  to  make  pre- 
dictions based  on  past  experience.  The  ability 
of  seabirds  to  find  their  way  over  thousands 
of  kilometers  of  ocean  and  locate  quality  for- 
aging areas  (Jouventin  and  Weimerskirch 
1990,  Prince  et  al.  1992,  Weimerskirch  and 
Wilson  2000)  may  require  the  accumulation 
of  experience  with  correlations  between 
weather,  oceanographic  conditions,  and  for- 
aging success.  If  this  were  true,  waiting  up  to 
10  years  to  achieve  sexual  maturity  (see  Rick- 
lefs  1973,  2000)  might  represent  a learning 
period  necessary  before  an  individual  can  feed 
even  a single  chick  successfully.  Why  such  a 
capacity  for  learning  might  be  related  to  the 
length  of  the  embryonic  development  period 
rather  than  brain  size  is  unclear.  If  this  type 
of  information  accumulation  and  processing 
required  an  unusually  large  number  of  con- 
nections per  neuron  rather  than  a large  number 
of  neurons,  the  time  element  might  represent 
the  difficulty  of  making  so  many  connec- 
tions. 

The  second  kind  of  cognition  might  be 
thought  of  as  prospective,  the  ability  to  work 
out  a novel  solution  to  a novel  problem,  per- 
haps involving  the  generation  of  predictive 
scenarios  based  on  accumulated  experience 
and  detailed  observation.  However,  why  this 
kind  of  thinking  might  require  a large  brain 
rather  than  a complex  brain  is  unclear.  None- 
theless, the  analyses  presented  here  indicate 
that  those  birds  with  relatively  higher  capac- 
ities for  reasoning  and  problem  solving,  such 
as  corvids  and  parrots,  tend  to  have  large 
brains. 


Do  certain  preconditions  facilitate  the  evo- 
lution of  enhanced  cognitive  abilities? — If  cer- 
tain types  of  thinking  are  associated  with  such 
life-history  traits  as  large  body  size,  long  life 
span,  and  prolonged  development,  the  evolu- 
tion of  these  traits  for  other  reasons  might 
facilitate  the  evolution  of  cognitive  ability. 
Distinguishing  preconditions  from  correlated 
evolution  of  traits  requires  analysis  of  the  dis- 
tribution of  traits  on  a well-supported  phylo- 
genetic hypothesis.  Information  concerning 
this  issue  might  also  be  obtained  from  the  la- 
bility of  traits  within  a phylogeny.  Conserva- 
tive traits  are  more  likely  to  have  preceded  the 
evolution  of  more  labile  traits  owing  to  their 
longer  histories.  However,  disparity  in  the  la- 
bility of  traits  also  would  signal  an  uncoupling 
of  their  evolution.  Both  relative  incubation  pe- 
riod and  relative  brain  size  are  conservative, 
with  most  of  their  variance  occurring  on  the 
level  of  families  within  orders  or  even  higher 
(Fig.  6).  Because  we  do  not  have  adequate 
measures  of  cognitive  abilities,  it  is  difficult 
to  determine  whether  these  have  a comparable 
distribution  of  variance  or  are  more  labile. 
Where  groups  of  birds  have  been  looked  at 
closely  with  regard  to  behavior,  researchers 
have  tended  to  emphasize  differences  between 
closely  related  species  rather  than  their  simi- 
larities or,  alternatively,  the  differences  be- 
tween larger  taxonomic  groups  (Devoogd  et 
al.  1993,  Healy  and  Krebs  1996,  Baida  et  al. 
1997,  Baida  and  Kamil  2002).  Perhaps  differ- 
ences between  closely  related  species  repre- 
sent the  evolutionary  elaboration  of  more  gen- 
erally shared  abilities  where  species  are  chal- 
lenged to  perform  disparate  specific  tasks. 

Consideration  of  the  evolution  of  cognition 
leads  to  another  question,  namely  whether 
variation  in  cognition  is  graded  or  exhibits 
thresholds  across  which  abilities  change  rap- 
idly. This  question  frequently  arises  in  discus- 
sions about  the  evolution  of  human  intelli- 
gence. Some  authors  suggest  that  at  some 
point  in  our  evolutionary  lineage  brain  size 
and  intelligent  behavior  became  self-acceler- 
ating and  our  cognitive  abilities  increased  rap- 
idly, creating  a substantial  gap  between  hu- 
mans and  other  primates  in  both  brain  size  and 
intelligent  behavior  (e.g.,  Dunbar  1993,  Aboi- 
tiz  and  Garcia  1997).  Similar  thresholds  at 
lower  levels  of  cognitive  ability  might  also 
lead  to  the  creation  of  gaps  in  intelligent  be- 
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Percent  of  variance 

EIG.  6.  Distribution  of  variance  components  among  taxonomic  levels  for  body  mass,  relative  brain  size,  and 
incubation  period.  The  relatively  high  residual  for  relative  brain  mass  at  the  species  level  probably  represents, 
in  part,  measurement  error  (i.e.,  the  difficulty  of  measuring  brain  mass  accurately  and  the  lack  of  consistency 
of  measurement  techniques  between  studies).  Eor  details  concerning  data  and  sources,  see  Ricklefs  (1993)  and 
Nealen  and  Ricklefs  (2001). 


havior  between  some  species  and  their  close 
relatives.  If  the  evolution  of  cognition  were 
similar  in  different  lineages,  this  might  result 
in  well-marked  categories  of  cognitive  func- 
tion across  birds,  with  different  lineages  hav- 
ing crossed  one  or  more  cognitive  thresholds. 
Of  course,  available  data  illuminate  this  issue 
inadequately,  and  little  more  can  be  said  about 
it  at  this  point,  except  to  remind  ourselves 
how  little  we  know  about  the  evolution  of 
cognition  as  a life-history  trait. 

CONCLUSIONS 

The  ability  to  act  on  accumulated  experi- 
ence and  the  ability  to  apply  reasoning  to  nov- 
el situations  are  well  expressed  among  birds, 
although  species  also  differ  widely  in  these 
abilities.  Cognition  can  be  treated  as  one  or, 
more  likely,  a set  of  life-history  traits  having 
fitness  benefits  and  costs  to  the  individual. 
Therefore,  it  might  be  possible  to  judge  as- 
pects of  cognitive  ability  indirectly  by  their 
associated  costs,  which  plausibly  include  rel- 
ative brain  size  and  relative  development  time. 
As  we  understand  intelligent  behavior  better 
and  can  place  such  behavior  in  a broadly  com- 
parative framework,  we  might  develop  a more 
refined  definition  of  the  costs  of  cognition  and 


improve  our  ability  to  recognize  cognitive 
function. 

Variation  in  both  relative  brain  size  and  rel- 
ative incubation  period  resides  at  a high  tax- 
onomic level,  suggesting  evolutionary  conser- 
vatism. If  these  life-history  traits  are  associ- 
ated with  cognition,  as  argued  here,  then  it  is 
plausible  that  the  evolution  of  intelligent  be- 
havior is  also  conservative,  requiring  substan- 
tial evolutionary  change  in  structure  and  de- 
velopment. This  contradicts,  to  some  degree, 
well-documented  contrasts  between  cogniti\e 
abilities  of  some  closely  related  species  in  par- 
ticular tests,  especially  those  concerning  spa- 
tial memory.  These  different  viewpoints  might 
be  reconciled  if  the  capacity  for  intelligent  be- 
havior were  conservative,  but  its  realization 
were  more  labile. 

The  strongest  correlations  between  putative 
costs  of  cognition  and  intelligent  bchavitu' 
identified  in  this  analysis  v\erc  associated  w ith 
play  behavior  (brain  mass)  and  the  challenge 
of  foraging  (incubation  period).  Although  the 
meaning  of  these  statistically  significant  rela- 
tionships is  obscure,  they  suggest  u ays  of  tlc- 
veloping  a more  broadly  comparative  aj^jne- 
ciation  of  differences  in  the  behavioral  rela- 
tionships of  species  to  their  environments,  I hc 
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future  of  this  effort  to  understand  cognitive 
ability  as  a life-history  trait  depends  on  the 
development  of  comparative  field  and  exper- 
imental studies  on  many  aspects  of  behavior 
in  birds,  combined  with  a broad  assessment  of 
nervous  system  structure  and  development. 
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EFFECTS  OF  WEATHER  ON  PARROT  GEOPHAGY  IN 
TAMBOPATA,  PERU 

DONALD  J.  BRIGHTSMITH' 


ABSTRACT. — Geophagy  is  widespread  and  well  documented  for  mammals,  but  avian  geophagy  has  only 
recently  become  the  subject  of  serious  scientific  investigation.  I analyzed  data  from  606  mornings  of  observations 
at  a large  avian  geophagy  site  or  “clay  lick”  in  the  southwestern  Amazon  Basin  to  examine  the  effects  of 
weather  on  bird  lick  use.  Birds  used  the  clay  lick  on  94%  of  the  mornings  without  precipitation  or  fog.  Parrots 
dominated  the  site  in  both  numbers  of  species  (17)  and  individuals  (>99%).  Weather  conditions  were  signifi- 
cantly correlated  with  total  lick  use:  there  was  greater  use  on  sunny  mornings  and  less  on  rainy  mornings.  Fog 
and  overnight  rain  were  correlated  with  low  lick  use.  Sun,  rain,  fog,  and  overnight  rain  were  recorded  on  47, 
25,  20,  and  8%  of  the  mornings,  respectively.  I estimated  that  inclement  weather  caused  an  annual  29%  reduction 
in  geophagy  for  all  bird  species  combined.  When  early  morning  rain  prevented  species  from  using  the  lick,  they 
did  not  return  later  in  the  day  nor  did  they  compensate  for  rainy  mornings  by  increasing  lick  use  on  subsequent 
days.  The  timing  of  lick  use  and  the  lack  of  compensation  suggest  that  neutralization  of  toxins  could  be  driving 
lick  use  in  this  system.  Received  25  August  2003,  accepted  26  May  2004. 


Geophagy,  the  intentional  consumption  of 
soil,  is  widespread  among  vertebrate  and  in- 
vertebrate taxa  including  mammals,  birds,  rep- 
tiles, and  insects  (Sokol  1971,  Arms  et  al. 
1974,  Davies  and  Baillie  1988,  Benkman 
1992,  Smedley  and  Eisner  1996).  Geophagy 
occurs  on  all  continents  (except  Antarctica) 
and  is  particularly  well  documented  for  mam- 
mals, including  humans  and  other  primates 
(Jones  and  Hanson  1985,  Abrahams  and  Par- 
sons 1996,  Klaus  and  Schmidt  1998,  Wiley 
and  Katz  1998,  Krishnamani  and  Mahaney 
2000).  Recent  studies  of  avian  geophagy  in 
tropical  areas  have  focused  on  soil  chemistry, 
physiology,  or  short-term  observations  of  be- 
havior (Diamond  et  al.  1999,  Gilardi  et  al. 
1999,  Burger  and  Gochfeld  2003,  Brightsmith 
and  Aramburu  in  press).  Long-term  studies  of 
geophagy  sites  are  lacking  and  this  hinders 
our  ability  to  understand  the  ecological  role 
and  relative  importance  of  this  phenomenon. 
Here,  I document  the  effects  of  weather  on 
avian  geophagy  in  a lowland  tropical  forest 
over  a 3-year  period. 

Geophagy  is  known  for  members  of  the  avi- 
an orders  Anseriformes,  Columbiformes,  Pas- 
seriformes, Casuariiformes,  Galliformes,  and 
Psittaciformes  (Jones  and  Hanson  1985, 
Benkman  1992,  Wink  et  al.  1993,  Diamond  et 
al.  1999,  Keppie  and  Braun  2000).  Of  these, 
the  most  conspicuous  and  well  studied  are  the 
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parrots  (Psittaciformes),  which  gather  by  the 
hundreds  to  consume  clay-rich  soils  from  riv- 
erbank  sites  in  South  America  (Emmons  and 
Stark  1979,  Gilardi  et  al.  1999,  Burger  and 
Gochfeld  2003,  Brightsmith  and  Aramburu  in 
press).  The  soils  from  these  “clay  licks”  ap- 
parently provide  an  important  source  of  so- 
dium and  protection  against  dietary  toxins 
(Diamond  et  al.  1999,  Gilardi  et  al.  1999, 
Brightsmith  and  Aramburu  in  press).  These 
soils  likely  permit  geophagous  species  to  ex- 
ploit a wider  range  of  plant  resources  and  al- 
low the  high  diversity  and  density  of  parrots 
found  in  the  western  Amazon  basin  (Diamond 
et  al.  1999).  However,  geophagy  is  not  prac- 
ticed by  all  psittacids.  This  variation  in  geo- 
phagous behavior  within  locations  over  time 
and  between  locations  provides  an  opportunity 
to  explore  the  ecological  role  of  geophagy. 

Weather  is  known  to  have  strong  effects  on 
bird  survival  and  behavior  (Sillett  et  al.  2000, 
Takagi  2001,  Winkler  et  al.  2002,  Cougill  and 
Marsden  2004).  Rain  and  lower  temperatures 
cause  short-term  increases  in  nutritional  stress 
for  birds  and  often  reduce  the  frequency  of 
behaviors  not  critical  to  immediate  survival, 
including  song,  migration,  communal  roost- 
ing, and  flying  (Pyle  et  al.  1993,  Keast  1994, 
Lengagne  and  Slater  2002,  Lopez-Calleja  and 
Bozinovic  2003,  Cougill  and  Marsden  2004). 
However,  rain  and  lower  temperatures  often 
cause  an  increase  in  foraging,  a behavior 
needed  for  short-term  survival  (Einney  et  al. 
1999,  Fischer  and  Griffin  2000,  Dewasmes  et 
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al.  2001).  I hypothesized  that  inclement 
weather  (rain  and  fog)  would  decrease  lick  use 
and  that  birds  would  compensate  for  this  de- 
crease by  using  the  lick  more  after  the  weather 
cleared. 

METHODS 

Study  area. — I studied  avian  geophagy  at  a 
clay  lick  near  the  Tambopata  Research  Center 
(13°  08'  S,  69°  37'  W)  in  southeastern  Peru. 
The  center  is  on  the  border  of  the  Tambopata 
National  Reserve  (275,000  ha)  and  the  Ba- 
huaja-Sonene  National  Park  (537,000  ha)  in 
the  department  of  Madre  de  Dios.  The  center 
lies  at  the  boundary  between  tropical  moist 
and  subtropical  wet  forest  at  an  elevation  of 
250  m and  receives  3,200  mm  of  rain  per  year 
(Tosi  1960;  this  paper).  The  research  center  is 
located  in  a small  (<1  ha)  clearing  surrounded 
by  mature  floodplain  forest,  successional 
floodplain  forest,  Mauritia  fiexuosa  (Areca- 
ceae)  palm  swamp,  and  upland  forest  (Foster 
et  al.  1994).  A large  patch  of  bamboo  {Guad- 
Lia  sarcocarpa',  Poaceae)  covered  the  area  im- 
mediately adjacent  to  the  clay  lick,  but  this 
patch  flowered  and  died  in  2001-2002  (Foster 
et  al.  1994,  Griscom  and  Ashton  2003,  DJB 
pers.  obs.).  The  clay  lick  is  a 500-m  long,  25- 
to  30-m  high  bank  along  the  western  edge  of 
the  upper  Tambopata  River,  approximately 
I 300  m from  the  research  center.  The  cliff  is 
formed  by  the  Tambopata  River’s  erosion  of 
uplifted.  Tertiary-age  alluvial  sediments  (Ras- 
iinen  and  wSalo  1990,  Foster  et  al.  1994,  Ras- 
iinen  and  Linna  1995).  The  soils  of  the  lick 
are  rich  in  clay  with  high  cation  exchange  ca- 
pacity and  high  sodium  levels  (Gilardi  et  al. 
1999,  D.IB  Linpubl.  data). 

Weather  data. — From  June  1995  through 
February  2003,  researchers  at  the  site  record- 
ed weather  data.  Daily  maximum  and  mini- 
mum temperatures  were  taken  from  a mercury 
max-min  thermometer  located  in  the  understo- 
ry of  primary  floodplain  forest  approximately 
20  111  from  the  forest  edge.  Rain  data  were 
I collected  using  a standard  rain  gauge  in  a 
I clearing  approximately  30  in  from  the  forest 
^ edge.  Observers  recorded  the  approximate 
time  of  rainfall  on  all  days,  even  when  not 
observing  the  clay  lick.  We  did  not  collect 
weather  data  every  day  and  gaps  of  I day  to 
>1  month  occurred.  I calculatetl  mean  rainfall 
for  all  months  in  which  there  were  no  gaps  in 


the  data  >2  days  (63  of  93  months).  The  mean 
rainfall  for  each  month  of  each  year  was  used 
to  calculate  the  overall  monthly  mean  and 
standard  deviation  (e.g.,  the  data  from  January 
of  each  year  was  averaged  to  provide  a com- 
posite rainfall  for  January).  Data  collected 
during  the  El  Nino  Southern  Oscillation  of 
December  1997  to  June  1998  were  omitted 
due  to  the  highly  irregular  patterns  of  rainfall 
that  typically  occur  during  such  events.  The 
average  annual  rainfall  total  was  calculated  by 
summing  the  means  for  each  month.  Data  on 
the  timing  and  duration,  but  not  intensity  of 
rain,  fog,  and  insolation,  were  collected  during 
observations  of  the  clay  lick  (see  Bird  data 
below). 

Bird  data. — Observers  recorded  bird  use  at 
the  clay  lick  on  606  mornings  from  12  Janu- 
ary 2000  to  16  November  2002.  Observers  be- 
gan watching  the  lick  before  the  birds  arrived 
(approximately  at  sunrise)  until  the  birds  hn- 
ished  their  early  morning  lick  use  (usually  be- 
fore 07:30  EST).  On  280  occasions,  observers 
conducted  full-day  observations  (sunrise  until 
16:00—17:30),  but  only  early  morning  data  are 
reported  here.  Every  5 min,  observers  record- 
ed the  weather  as  rain  (rain  falling  on  the  ob- 
server), sun  (sun  hitting  the  ground  anywhere 
in  the  vicinity  of  the  clay  lick),  or  cloud  (if 
neither  of  the  others  applied).  We  also  noted 
the  presence  or  absence  of  fog.  Observers  re- 
corded the  time,  number,  and  species  of  the 
first  birds  that  landed  on  the  lick.  Starting 
from  this  point,  observers  counted  all  birds  on 
the  lick  every  5 min  using  binoculars  and  a 
spotting  scope  (20-60X  zoom).  Ob.servers 
could  readily  distinguish  all  of  the  common 
bird  species  on  the  lick  except  the  two,  small, 
green  macaws:  Chestnut-frontetl  Macaw  {Am 
severa)  and  Red-bellied  Macaw  {Orthopsitta- 
ca  luandata).  For  this  study,  these  tv\o  species 
are  lumped  together  and  analyzed  as  “green 
macaws.” 

Data  anidysis.  — I analyzed  the  correlation 
between  weather  variables,  month,  and  lick 
use  using  a t|uasi-likelihood  general  linear  re- 
gression (e.g.,  a Poisson  regression  with  ov- 
ertlispersion;  Agresti  2002).  This  type  of  mod- 
el was  needed  because  the  binls  traveled  in 
flocks  and  descended  to  the  lick  en  masse, 
causing  the  \ariancc  in  daily  lick  use  to  be 
greater  than  the  mean.  The  main  elfects  in- 
cluiled  in  the  analysis  were  year,  month. 
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weather  index,  rain  the  night  before,  fog,  daily 
minimum  temperature,  daily  maximum  tem- 
perature, lick  use  the  day  before,  the  number 
of  days  since  the  lick  was  used,  and  two-way 
interaction  terms.  The  dependent  variable  was 
lick  use  measured  in  bird  minutes.  Bird  min- 
utes were  dehned  as  the  number  of  birds  on 
the  lick  multiplied  by  the  number  of  minutes 
they  stayed  on  the  lick  (i.e.,  4 birds  for  15 
min  each  = 60  bird  min).  The  weather  index 
was  a composite  variable  based  on  the  obser- 
vations of  sun,  cloud,  and  rain  recorded  every 
5 min  during  observations.  It  was  calculated 
as  the  average  for  each  morning  with  sun  = 
1,  cloud  = 2,  and  rain  = 3.  Rain  the  night 
before  was  recorded  as  present  if  rain  fell  be- 
tween 20:00  and  04:00.  The  variable  “fog” 
used  in  the  model  was  the  sum  of  the  number 
of  5-min  intervals  in  which  fog  was  recorded 
during  each  morning  observation.  “Lick  use 
the  day  before”  was  the  number  of  bird  min- 
utes of  lick  use  recorded  on  the  preceding  day. 
The  “number  of  days  since  the  lick  was  used” 
was  the  number  of  days  since  birds  used  the 
lick.  I considered  the  lick  used  by  birds  on  a 
given  morning  if  the  total  number  of  bird  min- 
utes recorded  was  >10%  of  the  average  for 
that  month.  For  the  calculation  of  lick  use  the 
day  before  and  number  of  days  since  the  lick 
was  used,  I assumed  that  total  lick  use  was 
zero  for  days  when  heavy  rain  all  morning 
prevented  the  observers  from  going  to  the 
lick.  This  assumption  is  justified  because  on 
12  mornings,  where  rain  was  recorded  >80% 
of  the  time,  total  lick  use  averaged  only  39  ± 
107  bird  min  (SD)  or  1.3%  of  the  lick  use  for 
fair  weather  days  (mean/,,,,,,,,,,;,,,,/,,,,  = 3051  ± 
2465  SD,  nf^,irnea, her  Jays  = 386). 

The  hrst  regression  analysis  included  all 
variables.  Then  I excluded  all  variables  that 
did  not  contribute  significantly  to  the  model 
and  reran  the  analysis.  Finally,  I ran  a separate 
analysis  on  each  of  the  excluded  variables  to 
determine  whether  any  of  them  contributed 
significantly  to  the  model  (Pyle  et  al.  1993). 
The  daily  maximum  temperature  was  corre- 
lated with  both  the  daily  minimum  tempera- 
ture (Pearson  product-moment  correlation  = 
0.45)  and  the  weather  index  (Pearson  product- 
moment  correlation  = —0.35),  and  it  ex- 
plained less  variation  than  either  of  the  other 
two,  so  it  was  eliminated  from  the  analysis. 
The  interaction  coefficient  of  fog  by  daily 


minimum  temperature  was  highly  correlated 
with  the  coefficient  of  fog  (Pearson  product- 
moment  correlation  = 0.998)  and  the  inclu- 
sion of  the  interaction  term  caused  both  fog 
and  the  interaction  to  become  nonsignificant, 
so  this  interaction  term  was  removed  from  the 
analysis.  This  procedure  was  repeated  using 
lick  use  for  each  individual  species  as  the  de- 
pendent variable.  Means  are  reported  ± SD. 

To  measure  potential  lick  use,  for  each 
month  I calculated  daily  average  lick  use  for 
each  species  using  data  only  from  “fair 
weather”  mornings  (i.e.,  mornings  with  no 
fog,  rain,  or  rain  the  night  before).  To  measure 
actual  lick  use,  for  each  month  I calculated 
daily  average  lick  use  for  each  species  using 
data  from  all  days  regardless  of  weather.  For 
actual  lick  use,  1 included  mornings  with  con- 
tinuous heavy  rain  when  the  observers  did  not 
go  to  the  lick  and  assumed  that  total  lick  use 
was  zero.  The  total  reduction  in  lick  use  due 
to  weather  was  estimated  by  the  following  for- 
mula: (potential  lick  use  — actual  lick  use)/ 
potential  lick  use. 

RESULTS 

A total  of  28  species  of  birds  ate  soil  from 
the  lick  (Table  1).  Parrots  dominated  the  site, 
both  in  number  of  species  (n  = 17)  and  num- 
ber of  observations  (>99%).  Thirteen  species 
used  the  lick  regularly  in  the  early  mornings 
(before  07:30)  and  are  included  in  the  analy- 
ses presented  here.  The  remaining  species 
were  either  too  uncommon  to  include  in  the 
analysis  (n  = 1 1 ) or  did  not  use  the  lick  in 
the  early  morning  (n  = 4).  Of  the  13  species 
that  used  the  lick  in  the  early  morning,  4 also 
used  the  lick  in  the  late  morning  and  afternoon 
(Table  1):  Blue-throated  Piping-Guan  {Pipile 
cumanensis),  Blue-and-yellow  Macaw  {Ara 
araraima).  Scarlet  Macaw  (A.  macao),  and 
Red-and-green  Macaw  (A.  chloroptera). 

Weather. — The  average  annual  rainfall  at 
Tambopata  Research  Center  was  3,236  mm. 
Monthly  mean  rainfall  ranged  from  95  ± 57.7 
mm  in  August  (n  — 6 years)  to  528  ± 172.4 
mm  in  January  (n  = 7 years).  The  months  of 
July  and  August  were  the  only  two  in  which 
mean  rainfall  fell  below  the  estimated  poten- 
tial evapotranspiration  (Fig.  1).  Rain  events  of 
>1  mm  were  recorded  on  42%  of  the  days 
(709  of  1,679  days).  The  number  of  days  with 
rain  was  greatest  in  January  (mean  = 18  ± 
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TABLE  1.  Species  recorded  eating  soil  from  the  clay  lick  at  Tambopata  Research  Center  in  southeastern 
Peru,  12  January  2000-16  November  2002.  Abundances  are  given  as  C (common,  seen  during  >15%  of  the 
observations),  U (uncommon,  seen  <75%  and  >25%),  R (rare,  seen  <25%  and  ^5%),  or  O (occasional,  seen 
during  <5%  of  the  observations).  Eor  species  listed  as  occasional,  the  number  of  times  seen  is  reported  in 
parentheses. 

Before  07:30 

Time  of  day 
07:30-12:00 

After  12:00 

Abundance 
at  lick 

Species  analyzed  in  this  paper 

Blue-and-yellow  Macaw  {Ara  araraima) 

X 

X 

X 

c 

Scarlet  Macaw  {Ara  macao) 

X 

X 

X 

c 

Red-and-green  Macaw  {Ara  chloroptera) 

X 

X 

X 

c 

Chestnut-fronted  Macaw  {Ara  severa) 

X 

c 

Red-bellied  Macaw  {Orthopsittaca  manilata) 

X 

c 

White-bellied  Parakeet  {Aratinga  leucophthalmus) 

X 

u 

Dusky-headed  Parakeet  {Aratinga  weddellii) 

X 

u 

White-bellied  Parrot  {Pioiiites  leucogaster) 

X 

X 

u 

Orange-cheeked  Parrot  {Pionopsitta  barrabandi) 

X 

u 

Blue-headed  Parrot  {Pionus  menstriiiis) 

X 

c 

Yellow-crowned  Parrot  {Aniazona  ochrocephala) 

X 

u 

Mealy  Parrot  {Amazona  farinosa) 

X 

c 

Blue-throated  Piping-Guan  {Pipile  cumanensis) 

X 

X 

X 

u 

Additional  species  recorded  at  the  lick 

Speckled  Chachalaca  {Ortalis  guttata) 

X 

X 

X 

R 

Spix’s  Guan  {Penelope  jacquacu) 

X 

X 

X 

R 

Orange-breasted  Falcon  {Falco  deiroleucus) 

X 

o (1) 

Plumbeous  Pigeon  {Patagioenas  plumbea) 

X 

X 

u 

Pale-vented  Pigeon  {Patagioenas  cayennensis) 

X 

X 

u 

Ruddy  Pigeon  {Patagioenas  subvinacea) 

X 

X 

u 

Blue-headed  Macaw  {Primolius  couloni) 

X 

R 

Dusky-billed  Parrot  let  {Forpus  sclateri) 

X 

X 

R 

Amazonian  Parrotlet  {Nannopsittaca  dachilleae) 

X 

X 

O (9) 

Tui  Parakeet  {Brotogeris  sanctithomae) 

X 

X 

0(1) 

Cobalt- winged  Parakeet  {Brotogeris  cyanoptera) 

X 

X 

U 

Gray-fronted  Dove  {Leptotila  rufaxilla) 

X 

X 

o (2) 

Purplish  Jay  {Cyanocorax  cyanomelas) 

X 

X 

O (4) 

Blue-gray  Tanager  {Thraiipis  episcopiis) 

X 

X 

O (4) 

Crested  Oropendola  {Psarocolius  decumanus) 

X 

O (2) 

4.1  days,  n = 1 years)  and  least  in  August 
(mean  = 5.5  ± 2.6  days,  n = 6 years).  The 
mean  temperature  was  24.3  ± 1.4°  C.  Early 
morning  fog  was  recorded  on  20%  of  the  days 
(//  = 606).  Rain  was  recorded  during  12%  of 
the  observations  (//  = 606).  It  rained  the  pre- 
vious night  during  8%  of  the  observations  (// 
= 510);  there  was  no  rain  or  fog  of  any  sort 
for  76%  of  the  ob.servations  (//  = 510).  On  80 
I days  there  was  heavy  rain  during  the  early 
I morning  (and  observers  did  not  go  to  the  lick 
on  these  days). 

Weather  effects  on  geophagy. — Birds  used 
the  clay  lick  on  04%  of  the  fair  weather  morn- 
ings (i.e.,  without  rain  or  fog  during  the  ob- 
servatiofi  or  rain  the  night  before,  //  386). 


The  variables  month,  weather  index,  fog,  and 
rain  the  night  before  explained  47%  {P  < 
O.OOl)  of  the  variation  in  total  lick  use  ( lablc 
2).  As  weather  progressed  from  sunny  to 
cloudy  to  rainy,  and  fog  duration  increased, 
total  lick  use  decreased,  explaining  7%  of  the 
variation  in  the  data  (/^  < O.OOl;  Table  2). 
Birds  used  the  lick  less  on  early  mornings  fol- 
lowing rain  the  j')re\ious  night  (P  < 0.05;  Pa- 
ble  2).  Month  exidained  yPA  of  the  variation 
in  total  lick  use  (P  ■ 0.001;  fable  2):  mean 

daily  lick  use  rangeil  from  4.784  2,387  bird 

min  in  August  to  257  378  biril  min  in  May 

d ig.  2). 

When  each  taxon  was  analyzed  separately, 
liek  use  was  negatively  eorrelated  uith  ueath- 
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FIG.  I. 
Peru,  June 


Mean  monthly  temperature,  rainfall,  and  estimated  evapotranspiration  at  Tambopata  Research  Center, 
1995  through  February  2003.  Evapotranspiration  was  estimated  following  Holdridge  (1967). 


TABLE  2.  Quasi-likelihood  general  linear  regression  model  (Poisson  regression  with  overdispersion)  of 
weather  and  month  affecting  lick  use  by  birds  in  Tambopata.  Peru,  12  January  2000-16  November  2002.  Values 
are  presented  for  combined  lick  use  by  13  species  and  as  the  percent  deviance  explained  (regression  coefficient). 
Coefficients  with  negative  values  indicate  that  birds  used  the  lick  less  as  the  value  of  the  independent  variable 
increased.  A single  coefficient  cannot  be  calculated  for  the  categorical  variable  month,  and  so  is  not  reported. 
The  model  uses  the  chi-squared-based  analysis-of-deviance  test.  The  overall  model  is  significant  at  P < 0.001. 


Variable 

Deviance  (regression  coefficient) 

Month 

39%-***** 

Weather  index 

4%  (-0.36)  *** 

Fog 

3%  (-0.038)*** 

Rained  night  before 

1%  (-0.32)* 

Year 

NS*’ 

Birds  yesterday 

NS 

Days  since  used*-' 

NS 

Daily  minimum  temperature 

NS 

Month:weather^ 

NS 

Monthifog*' 

NS 

Daily  minimumiweather  index*' 

NS 

Total  df 

509 

Total  deviance 

229,190 

Deviance  explained 

47% 

“ * P < 0.05.  **  p < 0.01.  ***  P < 0.001. 

'’NS  = not  significant  (P  > 0.05). 

Days  since  used  is  a measure  of  how  many  mornings  had  elapsed  since  the  lick  had  been  used  by  birds. 
Variables  separated  by  a colon  indicate  interactions. 
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EIG.  2.  Mean  daily  lick  use  (bird  min)  by  month  for  all  mornings  (white  bars)  and  fair  weather  mornings 
(black  bars)  at  a clay  lick  in  Tambopata,  Peru,  12  January  2000-16  November  2002.  Pair  weather  mornings  are 
defined  as  those  without  rain,  fog,  or  rain  the  night  before.  Error  bars  indicate  ± 1 SD.  The  data  for  fair  weather 
mornings  measure  potential  lick  use  while  data  for  all  days  measure  actual  lick  use.  The  difference  between 
lick  use  for  fair  weather  mornings  and  lick  use  for  all  mornings  is  an  estimate  of  the  reduction  in  lick  use  caused 
by  inclement  weather  = 307,  = 643). 


er  index  for  7 of  12  taxa  analyzed  (all  P < 
0.05)  indicating  that  decreased  sun  and  in- 
creased rain  correlated  with  reduced  lick  use 
(Table  3).  Weather  index  explained  0. 4-6.0% 
of  the  variation  in  lick  u.se  for  these  species 
(Table  3).  As  fog  increased,  lick  use  decreased 
significantly  for  8 of  12  taxa,  explaining  0.4- 
3.0%  of  the  variation  in  lick  use  for  these  spe- 
cies (all  P < 0.05;  Table  3).  Four  species  used 
the  lick  less  on  mornings  following  overnight 
rains  (all  P < 0.05;  Table  3)  while  the  White- 
bellied  Parrot  {Pionitcs  lencogaster)  used  the 
lick  more  on  mornings  following  rain  (P  < 
0.05).  Mealy  Parrots  {Aniazotm  farinosa) 
showed  a positive  interaction  between  weather 
index  and  the  daily  minimum  temperature, 
suggesting  that  sun  and  rain  had  less  effect  on 
their  lick  u.se  during  warm  days  (/^  < 0.001; 
Table  3).  The  year-to-year  differences  were 
not  significant  for  8 of  12  species  (all  P > 
0.05;  Table  3).  F(u  the  remaining  four  species 


the  changes  were  mixed:  Red-and-green  and 
Blue-and-yellow  macaws  increased  with  year 
{P  < O.OOl  and  P < 0.05,  respectively)  while 
Yellow-crowned  Parrots  (Amazonti  ochrocc- 
phcilci)  and  White-eyed  Parakeets  (Arafinga 
leiicophthcilmus)  decreased  (/^  < 0.05  both 
species;  Table  3).  For  Red-and-green  Macaw 
and  Orange-cheeked  Parrot  {Pionopsina  har- 
raham/i),  lick  use  increased  with  daily  mini- 
mum temperature  {P  < 0.05  both  species).  All 
species  showed  a highly  signilicant  month  ef- 
fect, indicating  strong  .seasonality  in  lick  u.se 
(P  < 0.001;  fable  3).  Month  explained  17- 
60%  of  the  variation  in  the  tiata.  for  Mealy 
Parrots,  there  were  signilicant  effects  of 
month  by  fog  aiul  daily  minimum  temperature 
by  weather  index  {P  ■ 0.001;  fable  3) 

Lick  u.se  (ui  fair  weather  mornings  (a  mea- 
sure of  the  potential  lick  use),  anti  lick  use  on 
all  tlays,  including  raiiiouts  (a  measure  of  the 
actual  lick  use),  showed  almost  itlentical 


TABLE  3.  Quasi-likelihood  general  linear  regression  models  (Poisson  regression  with  overdispersion)  of  weather  and  month  on  lick  use  by  birds  in  Tambopata, 
Peru,  12  January  2()()0-16  November  2002.  Values  are  presented  for  12  taxa  representing  13  species  that  used  the  clay  lick  during  the  early  morning  (before  07:30). 
Values  are  presented  as  percent  deviance  explained  (regression  coefhcient).  Coefhcients  with  negative  values  indicate  that  birds  used  the  lick  less  as  the  value  of 
the  independent  variable  inerea.sed.  Single  coefhcients  cannot  be  calculated  for  the  categorical  variable  month  or  interactions  including  month,  and  so  are  not  reported. 
The  model  uses  the  ehi-squared-based  analysis-of-deviance  test.  All  models  are  signihcant  at  P < O.OOI. 
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month-to-month  patterns  (Fig.  2).  The  differ- 
ence in  lick  use  between  fair  weather  morn- 
ings and  all  mornings  combined  suggests  that 
inclement  weather  caused  an  annual  29%  re- 
duction in  early  morning  lick  use.  Monthly 
reduction  in  lick  use  ranged  from  6%  in  Au- 
gust to  46%  in  February.  Among  the  12  taxa 
analyzed,  reduction  in  lick  use  ranged  from  16 
to  37%. 

When  rain  or  fog  occurred  from  05:00  to 
07:30  it  almost  completely  prevented  the  early 
morning  species  from  using  the  lick.  On  7 of 
21  such  days,  a small  number  of  individuals 
of  the  “early  morning  species”  would  occa- 
sionally use  the  lick  in  the  late  morning  or 
afternoon.  Flowever,  the  number  of  individu- 
als of  early  morning  species  using  the  lick  on 
these  afternoons  was  always  small  and  total 
use  of  the  lick  averaged  <2%  of  what  would 
have  been  expected  in  the  early  morning 
(mean  = 8.7  ± 6.1  individuals,  range  1-19; 
mean/y,.j^,  = 87.5  ± 72.5  bird  min,  n = 7 
afternoons;  mean/,-,^  = 2,540  ± 

2,365  bird  min,  n = 606  mornings). 

Lick  use  the  day  before  did  not  show  the 
predicted  negative  correlation  with  lick  use 
for  all  taxa  combined  (Table  2).  When  ana- 
lyzed independently,  five  taxa  showed  signif- 
icant positive  correlations  between  lick  use  on 
consecutive  days  (all  P < 0.05;  Table  3).  Sim- 
ilarly, the  number  of  days  since  the  lick  was 
used  did  not  show  the  predicted  positive  cor- 
relation with  lick  use  (Table  2),  and  when  taxa 
were  analyzed  separately,  four  species  showed 
negative  correlations  between  these  variables 
(all  P < 0.05;  Table  3). 

I DISCUSSION 

Twenty-eight  species  were  seen  eating  clay 
[ at  this  site,  making  it  the  most  species-rich 
avian  geophagy  site  documented  (Diamond  et 
al.  1999,  Burger  and  Gochfeld  2003,  Bright- 
smith and  Ararnburu  in  press).  As  with  other 
sites,  parrots  dominated  and  pigeons  and  Gal- 
liformes  were  observed  regularly.  As  hypoth- 
esized, inclement  weather  (morning  rain, 

1 overnight  rain,  and  morning  fog)  reduced  a\  i- 
I an  lick  use.  Lick  u.se  varied  seasonally  but  did 
1 not  vary  among  years.  1 did  not  find  the  hy- 
' pothesized  increase  in  lick  use  following  tlays 
i of  low  bird  use  or  periods  of  inclement  weath- 
er. 

1 

j Weather  effects. — hog  occurred  during  20% 


of  the  observations  and  significantly  reduced 
total  lick  use.  Reasons  why  birds  use  the  lick 
less  in  fog  are  unknown  but  could  be  due  to 
difficulties  in  navigation,  increased  chance  of 
collision  during  flight,  or  increased  probability 
of  predation  (Pyle  et  al.  1993,  Bevanger 
1994).  Parrots  using  this  site  come  from  at 
least  16  km  (DJB  unpubl.  data)  and  navigation 
over  such  distances  could  be  more  difficult  or 
dangerous  in  foggy  conditions.  In  general,  an- 
imals approaching  geophagy  sites  are  very 
wary  (Izawa  1993,  Burger  and  Gochfeld 
2003)  presumably  due  to  increased  predator 
densities  in  the  vicinity  of  geophagy  sites 
(Klaus  and  Schmid  1998).  This  wariness  is 
evident  at  the  Tambopata  lick  and  may  con- 
tribute to  the  low  rate  of  predation  recorded 
during  our  work  {n  = 4 confirmed  kills  in 
4,282  hr  of  observation  [DJB  unpubl.  data], 
in  an  area  with  34  species  of  raptors  [Rain- 
forest Expeditions  2001]).  Birds  may  be  more 
wary  or  unwilling  to  go  to  the  lick  during  fog 
if  fog  reduces  their  ability  to  detect  approach- 
ing predators.  The  significant  interaction  be- 
tween fog  and  month  found  for  Mealy  Parrots 
suggests  that  the  negative  effect  of  fog  varies 
depending  on  the  month.  This  could  be  due  to 
seasonal  variation  in  the  density  of  fog  or  var- 
iation in  Mealy  Parrots’  responses  to  fog. 

Weather  index  had  a strong  effect  on  total 
lick  use.  The  birds  used  the  lick  much  less  on 
rainy  mornings  and  more  on  sunny  mornings. 
While  correlations  do  not  prove  causality,  my 
observations  indicate  that  birds  did  not  arrive 
in  the  area  of  the  lick  on  rainy  mornings,  and 
they  frequently  abandoned  not  just  the  lick  it- 
self, but  the  entire  area  around  the  lick  as 
storms  approached  or  as  rain  began.  These  ob- 
servations suggest  that  rain  directly  reduced 
the  use  of  the  lick.  It  is  concei\able  that  the 
reduction  in  lick  use  was  due  to  the  birds  not 
wanting  to  perch  on  or  eat  wet  soil;  the  finding 
that  lick  use  was  less  on  mornings  after  over- 
night rain  provides  some  support  for  this. 
However,  the  clays  the  birds  prefer  arc  w ater- 
proof due  to  the  high  clay  aiul  sodium  con- 
tents ( fan  1996,  Gilardi  et  al.  1999.  Brights- 
mith and  Ararnburu  in  press).  Water  docs  not 
penetrate  these  soils  and  should  ha\e  little  or 
no  effect  on  their  chemical  composition.  The 
finding  that  lick  use  on  rainy  mornings  was 
reduced  is  consistent  with  other  stuilies  that 
have  shovMi  general  reductions  in  birtl  activity 
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during  inclement  weather  (Beintema  1989, 
Keast  1994,  Lengagne  and  Slater  2002). 

Observers  in  Tambopata  have  long  believed 
that  total  liek  use  is  less  during  the  cold 
weather  associated  with  polar  cold  snaps  or 
friajes.  Such  cold  weather  is  known  to  reduce 
the  level  of  bird  aetivity  in  warm  tropical  cli- 
mates (McClure  1975,  Barry  and  Chorley 
1998).  My  analysis  does  not  support  this  con- 
tention, but  it  should  be  noted  that  the  present 
data  set  contained  only  13  mornings  of  bird 
data  during  friajes.  Red-and-green  Macaws 
and  Orange-cheeked  Parrots  did  show  the  ex- 
pected decreased  lick  use  with  decreased  min- 
imum temperature,  suggesting  that  they  may 
reduce  lick  use  during  eolder  mornings. 

When  analyzed  separately,  9 of  12  species 
showed  reductions  in  lick  use  due  to  inclem- 
ent weather.  Reasons  for  the  variation  among 
taxa  are  not  known  and  there  are  no  clear  in- 
ter-specifie  patterns  that  suggest  an  explana- 
tion. The  parrot  species  studied  here  are 
thought  to  eat  soil  for  sodium  and  protection 
from  dietary  toxins  (Gilardi  et  al.  1999, 
Brightsmith  and  Aramburu  in  press).  Unfor- 
tunately, our  understanding  of  the  ecologieal 
importance  of  geophagy  at  this  time  is  insuf- 
ficient to  extrapolate  the  ecological  conse- 
quences of  this  reduetion  in  clay  consumption. 
However,  if  elimate  change  alters  the  timing, 
distribution,  or  quantity  of  rainfall,  it  could 
have  unexpeeted  eonsequences  for  these  geo- 
phagous  species. 

Seasonal  and  annual  effects. — Geophagy  is 
highly  seasonal  for  nearly  all  species  studied, 
and  the  birds  at  Tambopata  are  no  exception 
(March  and  Sadleir  1975,  Jones  and  Hanson 
1985,  Sanders  1999,  Keppie  and  Braun  2000). 
For  most  species,  seasonal  changes  in  geoph- 
agy are  elosely  linked  to  diet  changes  or  re- 
produetion  (Jones  and  Hanson  1985,  Smedley 
and  Eisner  1996,  Sanders  1999).  This  appears 
to  be  the  case  in  Tambopata,  as  well,  where 
parrots  show  a sharp  increase  in  lick  use  dur- 
ing breeding  (DJB  unpubl.  data). 

Overall  lick  use  did  not  vary  significantly 
among  years,  despite  the  fact  that  floods,  land- 
slides, and  the  natural  change  in  the  river 
course  have  altered  the  faee  of  the  lick  during 
the  eourse  of  this  study.  For  Red-and-green 
and  Blue-and-yellow  maeaws,  the  total 
amount  of  lick  use  in  the  mornings  increased 
signifieantly  as  the  study  progressed.  This  is 


probably  not  ecologically  significant,  as  these 
birds  use  the  liek  mueh  more  during  the  late 
morning  and  afternoons,  outside  the  time  pe- 
riods considered  in  these  analyses  (Burger  and 
Gochfeld  2003,  DJB  unpubl.  data).  Yellow- 
crowned  Parrots  and  White-eyed  Parakeets 
showed  significant  declines  during  the  course 
of  the  study;  the  reasons  for  these  declines  are 
unknown.  There  were  no  significant  anthro- 
pogenic habitat  changes  near  the  study  site. 
Both  species  are  predominantly  associated 
with  successional  habitats,  but  the  Dusky- 
headed  Parakeet  {Aratinga  weddellii)  and 
Blue-headed  Parrots  (Pionus  menstruus)  that 
share  these  habitats  show  no  similar  declines 
(Forshaw  1989).  There  are  at  least  two  other 
major  clay  licks  within  50  km  of  the  Tambo- 
pata Researeh  Center,  and  birds  moving 
among  these  licks  could  cause  the  fluctua- 
tions. Alternatively,  the  declines  may  be  part 
of  natural  population  cycles. 

Compensation  for  lick  use  lost  to  inclement 
weather. — On  days  when  it  rained  during  the 
early  morning  (before  07:30),  >95%  of  the 
members  of  the  nine  “early  morning”  parrot 
species  listed  in  Table  1 did  not  eat  soil,  even 
if  the  rest  of  the  day  was  clear  and  sunny. 
Every  day  there  were  groups  of  large  macaws 
that  used  the  lick  in  the  late  morning  and  af- 
ternoon (DJB  unpubl.  data).  As  a result,  large 
numbers  of  parrots  that  were  rained  out  in  the 
morning  could  have  joined  these  macaw 
groups  and  used  the  lick  later  in  the  day.  In- 
stead, only  a few  birds  oeeasionally  joined 
these  groups.  Effeets  of  weather  are  strongest 
on  behaviors  that  are  not  essential  for  imme- 
diate survival,  such  as  singing,  migrating, 
communal  roosting,  and  flying  (Pyle  et  al. 
1993,  Keast  1994,  Cougill  and  Marsden 
2004).  In  comparison,  either  foraging  is  not  as 
strongly  suppressed  by  inclement  weather 
(Stinson  et  al.  1987)  or  lost  foraging  oppor- 
tunities are  made  up  through  increased  effort 
after  the  weather  clears  (Durell  et  al.  2001). 
The  strong  effects  of  climate  and  the  apparent 
laek  of  compensation  when  birds  are  denied 
access  to  soil  suggest  that  birds  do  not  suffer 
dire  eonsequences  if  they  are  unable  to  eat  soil 
for  a few  days,  but  more  detailed  studies  are 
needed  to  test  this  hypothesis. 

To  date,  there  are  no  data  on  how  often  in- 
dividual birds  eat  elay.  An  anecdotal  account 
in  Munn  (1992)  suggests  that  Red-and-green 
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Macaws  in  Manu  come  to  the  lick  once  every 
2 to  3 days.  If  this  were  the  case  for  the  early 
morning  species  at  Tambopata,  I should  have 
found  greater  lick  use  on  days  after  the  lick 
was  not  used,  or  that  lick  use  was  negatively 
related  to  lick  use  the  previous  day.  However, 
I found  that  lick  use  was  not  correlated  with 
liek  use  on  the  previous  day.  This  suggests 
that  the  birds  make  daily  decisions  to  visit  the 
lick  based  on  weather  and  season  and  not  the 
amount  of  time  since  they  have  last  eaten  clay. 
It  also  suggests  that  the  birds  do  not  consume 
more  clay  to  compensate  for  missed  days.  For 
five  taxa,  the  number  of  birds  the  day  before 
was  positively  correlated  with  lick  use,  and 
for  four  of  these  taxa  the  number  of  days  since 
they  had  used  the  lick  was  negatively  associ- 
ated with  lick  use.  The  hve  species  involved 
(two  large  macaws.  White-bellied  Parrot, 
White-eyed  Parakeet,  and  Blue-throated  Pip- 
ing-Guan)  span  the  range  of  habitat  prefer- 
ence, body  size,  abundanee,  group  size,  sea- 
sonality of  lick  use,  and  time  of  day  of  lick 
use,  making  interpretation  of  this  Ending  dif- 
ficult. 

Reasons  for  soil  consumption. — Previous 
studies  suggest  that  birds  in  southeastern  Peru 
consume  soil  for  protection  from  dietary  tox- 
ins, sodium  dehciency,  or  both,  and  the  find- 
ings of  this  study  may  provide  some  insight 
(Diamond  et  al.  1999,  Gilardi  et  al.  1999, 
Brightsmith  and  Aramburu  in  press).  The  soil 
protects  the  birds  from  toxins  by  direct  ad- 
sorption, stimulation  of  the  gut  to  produce 
more  mucus,  and  formation  of  a physical  bar- 
rier between  toxic  foods  and  the  gut  lining 
(Gilardi  et  al.  1999).  In  addition,  sodium  and 
other  minerals  in  the  soil  may  protect  the 
small  intestine  from  tannins  (Freeland  et  al. 
1985).  The  soil  stays  in  the  digestive  tract  for 
approximately  12  hr;  thus,  protection  from 
toxins  requires  daily  ingestion  of  clay  before 
foraging  (Gilardi  et  al.  1999).  Because  protec- 
tion from  toxins  is  only  effective  over  the 
short  term,  birds  should  not  compensate  for 
days  when  soil  was  not  consumed.  However, 
the  effect  of  soil  on  sodium  balance  is  likely 
to  last  over  more  than  Just  12  hr  and  birds 
could  make  up  for  missed  days  through  in- 
creased consumption  on  fair  weather  days.  In 
addition,  the  timing  of  clay  consumption 
should  be  less  important  if  sodium  delicicncy 
is  driving  lick  use.  As  predicted  by  the  pro- 


tection from  toxins  hypothesis,  most  parrots 
ate  clay  first  thing  in  the  morning  before  going 
off  to  forage.  In  addition,  birds  did  not  com- 
pensate for  missed  days.  These  lines  of  evi- 
dence suggest  that  protection  from  toxins 
could  be  driving  lick  use.  However,  evidence 
from  a nearby  site  suggests  that  these  species 
choose  soil  based  on  its  sodium  content  and 
not  its  ability  to  adsorb  dietary  toxins 
(Brightsmith  and  Aramburu  in  press).  Further 
insight  into  lick  use  would  be  gained  by  stud- 
ies that  compare  foraging  behavior  and  tox- 
icity of  foods  eaten  on  days  when  birds  do 
and  do  not  have  aecess  to  clay,  and  by  com- 
parative studies  of  birds  that  use  the  lick  in 
the  early  morning  with  those  that  use  the  lick 
later  in  the  day. 

The  causes  and  consequences  of  geophagy 
are  admittedly  complex.  Detailed  physiologi- 
cal and  geochemical  studies  have  provided  us 
with  insights  into  the  potential  benehts  of  this 
behavior  (Freeland  et  al.  1985,  Jones  and  Han- 
son 1985,  Gilardi  et  al.  1999,  Mahaney  et  al. 
1999).  However,  few  studies  have  tied  these 
results  directly  to  the  ecology  and  behavior  of 
species  in  the  wild.  This  study  shows  that  in- 
clement weather  reduces  lick  use  and  that 
birds  do  not  eat  more  soil  to  compensate  for 
geophagy  opportunities  lost  to  inclement 
weather.  These  Endings  suggest  that  neutrali- 
zation of  toxins  could  be  driving  avian  geoph- 
agy in  this  system,  but  investigators  must  con- 
tinue to  explore  the  complex  temporal,  sea- 
sonal, spatial,  and  taxonomic  patterns  in  soil 
consumption  if  we  are  to  determine  its  true 
ecological  importance. 
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USING  RADIOTELEMETRY  TO  MONITOR  CARDIAC  RESPONSE 
OF  FREE-LIVING  TULE  GREATER  WHITE-FRONTED  GEESE 
(ANSER  ALBIFRONS  ELGASI)  TO  HUMAN  DISTURBANCE 

JOSHUA  T.  ACKERMAN,'-’  JOHN  Y.  TAKEKAWA,^  KAMMIE  L.  KRUSE,“ 
DENNIS  L.  ORTHMEYER,’^  JULIE  L.  YEE,’  CRAIG  R.  ELY,"  DAVID  H.  WARD," 
KAREN  S.  BOLLINGER,"*  AND  DANIEL  M.  MULCAHY" 


ABSTRACT. — We  monitored  the  heart  rates  of  free-living  Tule  Greater  White-fronted  Geese  {Anser  alhifrons 
elgasi)  during  human  disturbances  on  their  wintering  range  in  the  Sacramento  Valley  of  California  during  1997. 
We  used  implanted  radio  transmitters  to  record  the  heart  rates  of  geese  as  an  observer  experimentally  approached 
them  at  a constant  walking  speed.  On  average,  geese  flushed  when  observers  were  47  m (range:  25-100  m) 
away.  Change  point  regression  was  used  to  identify  the  point  in  time  when  heart  rate  abruptly  increased  prior 
to  flushing  and  when  heart  rate  began  to  level  off  in  flight  after  flushing.  Heart  rates  of  geese  increased  as  the 
observer  approached  them  during  five  of  six  disturbance  trials,  from  1 14.1  ± 6.6  beats/min  during  the  observer’s 
initial  approach  to  154.8  ± 7.4  beats/min  just  prior  to  flushing  at  the  first  change  point.  On  average,  goose  heart 
rates  began  to  increase  most  rapidly  5 sec  prior  to  taking  flight,  and  continued  to  increase  rapidly  for  4 sec  after 
flushing  until  reaching  flight  speed.  Heart  rate  was  456.2  ± 8.4  beats/min  at  the  second  change  point,  which 
occurred  immediately  after  flushing,  and  448.3  ± 9.5  beats/min  1 min  later  during  flight.  Although  goose  heart 
rates  increased  as  an  observer  approached,  the  largest  physiological  change  occurred  during  a 9-sec  period 
(range:  1.0-15.7  sec)  immediately  before  and  after  flushing,  when  heart  rates  nearly  tripled.  Received  28  October 
2003,  accepted  12  April  2004. 


Wildlife  may  incur  energetic  costs  when 
disturbed  by  humans;  therefore,  spatial  buffer 
zones  are  commonly  used  by  managers  to  sep- 
arate wildlife  from  human  activities  (Knight 
and  Temple  1995,  Camp  et  al.  1997,  Richard- 
son and  Miller  1997,  Rodgers  and  Smith 
1997).  Buffer  zones  often  are  based  on  the 
distance  at  which  a species  flushes  in  response 
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to  human  activities  (Richardson  and  Miller 
1997,  Rodgers  and  Smith  1997,  Ward  et  al. 
1999,  Swarthout  and  Steidl  2001,  Blumstein 
et  al.  2003).  However,  wildlife  may  have  more 
subtle  physiological  responses  to  disturbances, 
such  as  increased  heart  rate,  that  also  have  en- 
ergetic consequences  (MacArthur  et  al.  1982, 
Gabrielsen  and  Smith  1995,  Andersen  et  al. 

1996,  Weisenberger  et  al.  1996).  Heart  rate  is 
a good  indicator  of  an  animal’s  energy  expen- 
diture (Wooley  and  Owen  1977,  1978;  Woak- 
es  and  Butler  1983;  Nolet  et  al.  1992)  and 
depends  not  only  on  an  animal’s  physical  ac- 
tivity, but  also  on  the  level  of  external  stim- 
ulation caused  by  disturbances  (Harms  et  al. 

1997,  Ely  et  al.  1999).  Therefore,  heart  rate, 
rather  than  flushing  distance,  may  be  a better 
indicator  of  an  animal’s  stress  response  to  hu- 
man disturbance  (Fernandez-Juricic  et  al. 
2001). 

In  this  paper,  we  provide  the  first  radiote- 
lemetry-based data  on  the  cardiac  response  of 
free-living  waterfowl  to  human  disturbance. 
We  used  implanted  radio  transmitters  to  mon- 
itor the  heart  rates  of  Tule  Greater  White- 
fronted  Geese  {Anser  alhifrons  elgasi,  here- 
after Tule  Geese)  as  an  observer  experimen- 
tally disturbed  each  radio-marked  bird  by  ap- 
proaching it  at  a constant  walking  speed.  We 
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report  the  variation  in  heart  rate  throughout 
the  disturbance  event  from  roosting  or  feeding 
to  flushing  and  flight,  and  use  change  point 
analysis  to  identify  points  in  time  when  heart 
rate  abruptly  changed. 

METHODS 

Tule  Geese  are  larger  (>0.5  kg)  than  the 
other  subspecies  of  Greater  White-fronted 
Geese  {A.  a.  frontalis)  wintering  in  California 
(Ely  and  Dzubin  1994).  We  captured  flightless 
Tule  Geese  by  driving  them  into  net  corrals. 
We  implanted  radio  transmitters  in  28  adult 
female  geese  on  6 and  8 July  1997  at  Kahiltna 
River  Valley,  Alaska  (see  Ely  et  al.  1999),  as 
part  of  an  aircraft  disturbance  study  of  Tule 
Geese  in  southcentral  Alaska.  Thirteen  of  the 
28  transmitters  were  programmed  to  be  active 
during  15  days  the  following  winter.  To  min- 
imize potential  confounding  effects  of  captur- 
ing and  surgically  implanting  radio  transmit- 
ters in  Tule  Geese,  we  collected  heart  rate  data 
5.5  months  after  the  radio-marking  procedure 
when  geese  were  on  their  wintering  grounds 
in  the  Sacramento  Valley  of  California.  We 
conducted  disturbance  trials  during  the  last  2 
weeks  of  December  1997 — immediately  after 
closure  of  the  hunting  season  for  dark  geese 
(including  Tule  Geese) — within  the  Sacramen- 
to and  Delevan  National  Wildlife  Refuges  and 
the  surrounding  agricultural  (rice)  fields.  The 
main  types  of  human  disturbance  in  this  area 
during  our  study  included  waterfowl  hunting, 
farming,  vehicular  traffic,  and  birdwatching. 

Transmitters  (model  HRT-150,  Telonics 
Inc.,  Mesa,  Arizona)  were  covered  with  a 
braided  surgical  mesh  (Marlex  Mesh,  Davol, 
Charlotte,  North  Carolina)  and  implanted  into 
the  right  abdomen  using  standard  surgical  pro- 
cedures (except  that  the  transmitters  had 
coiled,  internal  antennas  rather  than  extended, 
percutaneous  antennas;  Korschgen  et  al. 
1996).  The  radio  packages  could  transmit 
heart  rates  at  a maximum  rate  of  600  beats/ 
min.  Leads  of  the  44  g transmitter  were  placed 
in  a base-apex  configuration  and  anchored  us- 
ing 2-vicryl  (Ethicon,  .Somerville,  New  Jer- 
sey). The  caudal  lead  was  sutured  to  the  dorsal 
side  of  the  caudal  end  of  the  sternum  and  the 
anterior  lead  was  brought  through  the  incision 
and  passed  subcutaneously  to  the  left  clavicle, 
where  it  was  suturetl  just  lateral  to  the  ster- 
num. Lkich  transmitter  was  .secured  with  two 


simple,  interrupted  sutures  of  0-vicryl  placed 
through  the  mesh  so  that  the  antenna  was  sit- 
uated on  the  dorsal  side  of  the  abdominal  cav- 
ity, thus  increasing  transmission  range.  The 
incision  was  closed  in  two  layers  using  0-vi- 
cryl  in  a simple  continuous  pattern.  We  re- 
leased the  radio-marked  geese  2 days  after 
their  capture. 

We  examined  the  variation  in  heart  rate 
when  Tule  Geese  were  disturbed  by  approach- 
ing a radio-marked  goose  on  foot  and  simul- 
taneously recording  both  its  heart  rate  and  the 
time  since  we  initiated  the  disturbance.  During 
daylight  hours,  we  located  radio-marked  in- 
dividuals that  were  roosting  or  feeding  in  ref- 
uge ponds  or  in  harvested  rice  fields  that  were 
protected  from  hunting.  After  locating  a radio- 
marked  goose  in  a flock,  one  observer  ap- 
proached on  foot  (about  0.53  m/sec)  while  si- 
multaneously recording  goose  behavior  (i.e., 
on  ground,  flush,  or  flying)  into  a data  audio 
tape  recorder  (DAT)  that  added  a digital  time- 
stamp.  At  the  same  time,  heart  rate  signals 
were  being  received  by  a truck-mounted  Yagi 
antenna  and  ATS  receiver  (Advanced  Telem- 
etry Systems,  Isanti,  Minnesota),  and  recorded 
together  with  the  time  on  a data  logger  (Ad- 
vanced Telemetry  Systems,  Isanti,  Minnesota) 
that  was  connected  directly  to  the  receiver.  We 
synchronized  the  observations  recorded  on  the 
DAT  with  the  heart  rate  data  by  documenting 
precise  start  times  on  each  recording  device. 
In  each  trial,  the  observer  continued  to  ap- 
proach the  radio-marked  goose  until  it  flushed, 
then  immediately  recorded  the  precise  time  of 
flushing  and  estimated  flushing  distance  by 
pacing  the  distance  between  the  observer  and 
the  site  where  the  bird  flushed.  We  continued 
monitoring  heart  rates  of  radio-marked  birds 
in  flight  for  60  sec  after  they  flushed  from  the 
disturbance.  We  then  estimated  the  starting 
distance  from  the  observer  to  the  bird  by  re- 
pacing the  distance  between  the  site  of  Hush- 
ing and  the  starting  point  of  the  obscr\ ation. 

Heart  rates  recorded  on  the  tlala  logger 
were  transcribed  using  an  A'fS  DCX'  11  tlata 
logger  (Advanced  rclemetry  .Systems.  Isanti. 
Minnesota)  aiul  a lajitop  ctnii|'uitcr  with  a 
ProC’omm  macro  iirogram  tlcvelopcd  by  Af.S. 
which  calculatetl  the  radio-marked  bird's  heart 
rate  every  0.2  see.  We  then  ealeulaled  the  a\- 
erage  heart  rate  during  eaeh  seeond.  I or  eaeh 
trial,  we  used  ehange  point  analysis  (I’ROC' 
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NLIN,  SAS  Institute,  Inc.  1999;  also  called 
segmented  regression,  Draper  and  Smith 
1998)  to  fit  a three-segment  regression  and 
identify  the  two  points  in  time  that  flank  the 
period  when  heart  rate  changed  most  rapidly. 
We  examined  whether  heart  rate  increased  as 
an  observer  approached  radio-marked  geese 
from  the  beginning  of  the  trial  until  the  hrst 
change  point  (just  before  flushing)  by  testing 
the  slope  (m)  of  this  segment  of  the  regression 
for  significant  difference  from  the  null  hy- 
pothesis of  no  slope  (a  slope  of  zero).  We  cal- 
culated the  weighted  average  ± SE  heart  rate 
of  radio-marked  birds  among  trials  in  5-sec 
time  periods  using  PROC  MEANS  (SAS  In- 
stitute, Inc.  1999).  Each  measurement  was  in- 
versely weighted  by  the  sample  size  for  its 
corresponding  time  period,  so  that  each  trial 
would  have  equal  total  weights  of  one.  We  did 
this  for  (1)  the  first  5 sec  during  our  initial 
approach,  (2)  the  5 sec  immediately  before  the 
first  change  point  in  heart  rate  (before  flush- 
ing), (3)  the  5 sec  immediately  after  the  sec- 
ond change  point  in  heart  rate  (after  flushing), 
and  (4)  during  the  55-  to  60-sec  time  period 
following  flushing  when  the  radio-marked 
goose  was  in  flight.  Statistical  significance 
was  set  at  a = 0.10. 

RESULTS 

We  successfully  documented  the  cardiac  re- 
sponses of  Tule  Geese  to  an  approaching  ob- 
server during  six  disturbance  trials,  represent- 
ing four  different  birds.  Four  trials  were  con- 
ducted at  Delevan  National  Wildlife  Refuge 
and  two  trials  were  conducted  nearby  within 
harvested  rice  fields.  Four  additional  trials  on 
different  birds  were  excluded  due  to  equip- 
ment malfunction  (two  trials),  outside  inter- 
ference by  approaching  hunters  (one  trial),  or 
logistical  limitations  during  approach  of  a ra- 
dio-marked goose  (one  trial).  The  number  of 
radio-marked  birds  available  for  study  also 
was  limited  because  we  captured  and  radio- 
marked  Tule  Geese  5.5  months  before  we  col- 
lected heart  rate  data  in  order  to  minimize  any 
effects  of  handling  and  transmitter  implanta- 
tion. By  the  time  radio-marked  geese  arrived 
on  their  wintering  grounds,  a few  radio  trans- 
mitters had  failed  and  some  radio-marked 
birds  could  not  be  located  following  fall  mi- 
gration. 

During  five  of  six  trials,  heart  rates  in- 


creased from  the  beginning  of  the  disturbance 
trial  to  the  first  change  point  as  an  observer 
approached  the  radio-marked  goose  (Trial  1: 
m = 2.54  ± 0.56,  = 4.54,  P < 0.001;  Trial 

2:  m = 0.28  ± 0.0^  - 3.51,  P < 0.001; 

Trial  3:  m = 0.10  ± 0.06,  G)4  = 1-77,  P = 
0.08;  Trial  4:  m = -1.50  ± 1.24,  o,  = -1.21, 
P = 0.23;  Trial  5:  m = 0.40  ± 0.13,  = 

3.07,  P = 0.003;  Trial  6:  m = 0.56  ± 0.12, 
/,5o  = 4.65,  P < 0.001;  Fig.  1).  The  average 
distance  from  observers  to  radio-marked 
geese  at  the  start  of  disturbance  trials  was  102 
m (range:  46-189  m).  Heart  rates  increased 
from  an  average  of  114.1  ± 6.6  beats/min 
(range  means;  86.6-164.8  beats/min)  during 
the  first  time  period  (0-5  sec)  when  observers 
began  their  approach  to  154.8  ± 7.4  beats/min 
(range  means;  116.3—199.7  beats/min)  during 
the  second  time  period  just  prior  to  flushing 
at  the  first  change  point.  Average  flushing  dis- 
tance was  47  m (range;  25-100  m).  During 
the  third  time  period,  immediately  after  flush- 
ing at  the  second  change  point,  heart  rates  av- 
eraged 456.2  ± 8.4  beats/min  (range  means; 
417.1-478.0  beats/min);  heart  rates  averaged 
448.3  ± 9.5  beats/min  (range  means;  379.0- 
518.8  beats/min)  during  the  55-  to  60-sec  time 
period  after  flushing  while  in  flight.  In  gen- 
eral, heart  rates  increased  most  rapidly  at  5 
sec  (range;  1.2— 9.8  sec)  prior  to  flushing  and 
continued  increasing  rapidly  for  an  additional 
4 sec  (range;  0.2— 8.7  sec)  after  flushing  until 
reaching  flight  levels  (Fig.  1). 

DISCUSSION 

The  population  of  Tule  Geese  is  one  of  the 
smallest  goose  populations  in  North  America 
(about  8,000);  the  winter  range,  centered  at 
Delevan  National  Wildlife  Refuge  in  the  Sac- 
ramento Valley  of  California  (Callaghan  and 
Green  1993,  Ely  and  Dzubin  1994,  Green 
1996)  is  also  small.  This  concentrated  winter- 
ing distribution  potentially  subjects  the  entire 
population  of  Tule  Geese  to  negative  effects 
of  human  disturbance  caused  by  farming, 
birdwatching,  and  hunting.  In  five  of  six  dis- 
turbance trials,  we  found  that  the  heart  rates 
of  radio-marked  Tule  Geese  increased  as  an 
observer  approached  them.  Heart  rates  in- 
creased by  36%  from  the  time  the  trial  began 
to  the  abrupt  increase  in  heart  rate  that  oc- 
curred 5 sec  before  a bird  flushed.  However, 
the  largest  increase  in  heart  rate  occurred  dur- 
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FIG.  I.  Heart  rates  (beats/min)  of  rule  CJreater  White-fronted  Geese  {A/ner  alhifmns  d^asi)  in  rela(ii>n  to 
time  elapsed  since  an  observer  began  approacliing  ratlio-marketl  birds.  F'ach  panel  represents  a single  trial 
conducted  in  the  .Sacramento  Valley  of  C’alifbrnia,  December  1997.  Trial  numbers  one  aiul  six.  and  three  anti 
four,  were  each  conducted  on  the  same  two  intlivitluals,  respectively,  but  on  tlifferent  tlays.  l-ach  data  pt)int  is 
the  average  heart  rate  of  an  individual  birti  tluring  a I -sec  periotl.  The  \ertical  broken  lines  itulicate  the  time 
when  the  radio-marketl  bird  flushed;  tlata  to  the  left  of  the  broken  line  rc|Mesent  birtls  on  the  ground,  whereas 
data  to  the  right  of  the  broken  line  represent  birds  in  (light.  Approximate  human-to-bird  ilistances  w hen  obser\ers 
began  their  approaches  for  trials  I b were  46.  I 2.T  1X9.  6.^.  99,  and  91  m,  res|iecti\ ely.  ,\|'>pn>ximate  flushing 
distances  for  trials  I 6 were  25.  5>().  100.  .'>0.  30.  and  25  m,  respectively.  Ihe  solid  iineam  lines  were  (itteil 
using  change  point  analysis. 
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ing  a 9-sec  (range:  1.0-15.7  sec)  period  im- 
mediately before  and  after  a bird  flushed, 
when  heart  rates  nearly  tripled  (Fig.  1).  Using 
our  average  approach  speed  of  0.53  m/sec,  5 
sec  represents  only  3 m more  than  the  flushing 
distance,  when  their  stress  response  increased 
appreciably.  Therefore,  flushing  behavior  is  a 
reasonable  indicator  for  acute  changes  in  the 
physiological  state  of  Tule  Geese. 

Heart  rates,  however,  were  slightly  elevated 
for  the  majority  of  the  time  prior  to  flushing, 
and  self-maintenance  activities  were  disrupted 
by  our  disturbance.  For  example,  Tule  Geese 
were  alert  to  our  presence  and  discontinued 
foraging  for  the  entire  duration  of  our  ap- 
proach. Greater  White-fronted  Geese  (both  A. 
a.  elgasi  and  A.  a.  frontalis)  typically  spend 
30%  of  their  time  in  alert  behaviors  at  forag- 
ing sites  in  the  Sacramento  Valley  during  win- 
ter (Ely  1992,  Hobbs  1999),  and  heart  rates 
tend  to  be  higher  during  alert  behaviors  than 
when  they  are  walking,  feeding,  preening, 
resting,  or  standing  (Ely  et  al.  1999).  If,  as  we 
found,  alert  behavior  typically  is  associated 
with  an  elevated  heart  rate,  then  alert  activity 
could  be  energetically  expensive,  particularly 
if  human  disturbances  are  prolonged  prior  to 
flushing.  Therefore,  alert  distance  may  be  a 
more  conservative  basis  for  establishing  wild- 
life buffer  zones  than  flushing  distance,  es- 
pecially when  disturbances  are  persistent  (Fer- 
nandez-Juricic  et  al.  2001,  Swarthout  and 
Steidl  2001). 

Other  studies  of  disturbance  effects  on  wa- 
terfowl have  revealed  acute  changes  in  heart 
rate  in  response  to  stressful,  short-term  stim- 
uli. For  example,  Ely  et  al.  (1999)  found  that 
the  heart  rates  of  Tule  Geese  showed  the  fol- 
lowing increases:  80-140  beats/min  during 
non-strenuous  activities,  180  beats/min  when 
the  birds  were  alert  due  to  natural  stimuli,  and 
>400  beats/min  during  antagonistic  social  in- 
teractions with  conspecifics.  Wooley  and 
Owen  (1978)  observed  brief  increases  in  the 
heart  rates  of  Black  Ducks  {Anas  rnbripes)  in 
response  to  approaching  herons,  hawks,  and 
low-flying  planes.  Harms  et  al.  (1997)  found 
that  heart  rates  of  captive  Black  Ducks  briefly 
increased  in  response  to  simulated  aircraft 
noise.  However,  in  most  studies  examining  the 
cardiac  response  of  wildlife  to  stressful  stim- 
uli, heart  rates  quickly  returned  to  normal  lev- 
els after  the  stimulus  was  removed  (Kanwish- 


er  et  al.  1978,  Wooley  and  Owen  1978,  Mac- 
Arthur  et  al.  1982,  Weisenberger  et  al.  1996, 
Harms  et  al.  1997,  Perry  et  al.  2002).  There- 
fore, brief  disturbances  that  do  not  elicit  a 
flushing  response  by  wildlife  probably  result 
in  minimal  energetic  costs.  We  suggest  that 
flushing  distance  is  a reasonable  basis  for  es- 
tablishing buffer  zones  when  disturbances  are 
likely  to  be  short-term  (e.g.,  automobile  or  air- 
craft noise),  but  that  alert  distances  should  be 
estimated  to  create  buffer  zones  when  distur- 
bances are  likely  to  be  long-term  (e.g.,  bird- 
watchers, hikers). 
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DIET  OF  XANTUS’S  MURRELETS  IN  THE  SOUTHERN 
CALIFORNIA  BIGHT 

CHRISTINE  D.  HAMILTON,'  HARRY  R.  CARTER,'  ^ AND 
RICHARD  T GOLIGHTLY'-^ 


ABSTRACT. — Most  of  what  is  known  about  diet  of  Xantus’s  Murrelets  (Synthlihoramplms  hypoleuciis)  comes 
from  prey  found  in  19  of  22  murrelet  stomachs  collected  during  the  1977  breeding  season  near  Santa  Barbara 
Island  in  the  Southern  California  Bight  (SCB).  In  May  2002,  we  examined  stomachs  of  10  Xantus’s  Murrelets 
collected  near  Anacapa  Island,  also  within  the  SCB.  Seven  of  the  10  stomachs  contained  prey.  Prey  were  subadult 
or  adult  northern  anchovy  (Engraulis  mordax\  2 stomachs),  either  juvenile  bluefin  driftfish  (Psenes  pellucidus) 
or  medusafish  (Icichthys  lockingtoni\  2 stomachs),  and  euphausiids  (Thysanoessa  spinifercr,  3 stomachs).  Only 
one  prey  type  was  found  in  each  stomach.  Our  sample  added  to  the  diversity  of  known  prey  types  used  in  the 
SCB,  including  euphausiids  and  larger  age/size  classes  of  fish.  We  confirmed  continued  use  of  northern  anchovy, 
and  identified  new  prey  species  (bluefin  driftfish  or  medusafish)  associated  with  jellyfish  or  floating  algae  and 
debris  in  convergence  lines.  During  the  breeding  season,  Xantus’s  Murrelets  appear  to  be  generalist  feeders  that 
search  for  and  use  available  prey  that  may  be  concentrated  at  convergence  lines.  Received  3 November  2003, 
accepted  14  June  2004. 


In  2004,  Xantus’s  Mun'elet  (Synthliboram- 
phiis  hypoleuciis)  was  listed  by  the  state  of 
California  as  a threatened  species  (Burkett  et 
al.  2003).  Knowledge  of  diet  is  essential  for 
understanding  their  foraging  ecology,  varia- 
tion in  prey  resources,  at-sea  distribution,  and 
at-sea  population  threats;  however,  little  is 
known  about  the  diet  of  Xantus’s  Murrelet. 
These  birds  feed  far  from  shore  in  small,  dis- 
persed groups,  usually  singles  and  pairs  and 
occasionally  in  groups  of  up  to  eight  birds 
(Hunt  et  al.  1979,  Briggs  et  al.  1987,  Drost 
and  Lewis  1995,  Whitworth  et  al.  2000).  Most 
dietary  information  was  derived  from  the  ex- 
amination of  stomach  contents  from  19  of  22 
murrelets  collected  during  the  1977  breeding 
season  near  Santa  Barbara  Island,  California 
(Hunt  et  al.  1979),  within  the  Southern  Cali- 
fornia Bight  (SCB).  Only  larval  fish  were  re- 
ported, including  northern  anchovy  {Engraulis 
niordax).  Pacific  saury  {Cololahis  saira),  and 
rockfish  {Sebastes  sp.).  To  increase  our  knowl- 
edge of  the  murrelet’s  diet,  we  evaluated  non- 
lethal  methods  of  obtaining  dietary  informa- 
tion. These  techniques  failed,  and  we  resorted 
to  using  lethal  methods  to  collect  10  mun*elets 
off  Anacapa  Island  in  the  SCB  during  April 
and  May  2002.  The  dietary  information  that 
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we  obtained  may  contribute  to  the  conserva- 
tion of  this  species. 

METHODS 

Initially,  we  evaluated  two  non-lethal  tech- 
niques to  obtain  stomach  contents.  First,  on 
20  April  2002  (01:00-02:00  PST),  we  used  a 
night-lighting  technique  conducted  from  an 
inflatable  boat  to  capture  three  Xantus’s 
Murrelets  from  a nocturnal,  at-sea  congrega- 
tion near  Anacapa  Island  (Whitworth  et  al. 
1997,  2003;  C.  D.  Hamilton  unpubl.  data). 
Captured  murrelets  were  returned  to  the  sup- 
port vessel,  sedated  with  isoflurane  by  a vet- 
erinarian, and  examined  with  a 2.7  mm  en- 
doscope video  probe  (Karl  Storz  Veterinary 
Endoscopy,  Goleta,  California)  that  was  slow- 
ly passed  through  the  mouth,  esophagus,  pro- 
ventriculus,  and  into  the  gizzard.  The  diges- 
tive tracts  of  these  murrelets  were  empty,  ex- 
cept for  traces  of  unidentifiable  green  and 
brown  tissue. 

Second,  we  attempted  live  capture  of 
murrelets  during  the  day  with  a net  gun  (Koda 
Enterprises,  Mesa,  Arizona)  in  order  to  lavage 
for  prey.  We  searched  for  murrelets  on  13 
May  (17:30-20:00)  and  14  May  2002  (05:00- 
08:00),  but  no  murrelets  were  located  due  to 
large  swells  and  high  winds  (Fig.  1).  Later  on 
14  May  (08:00),  we  observed  several  murre- 
lets near  Anacapa  Island  (Fig.  1).  We  ap- 
proached these  murrelets  at  slow  speeds  in  an 
inflatable  boat  but  determined  that  they  could 
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FIG.  E Xantus’s  Murrelet  collection  areas  (dashed-line  circles)  near  breeding  colonies  at  Anacapa  Island 
(ANA),  Santa  Barbara  Island  (SBI),  and  Los  Coronados  Islands  (LCI),  within  the  Southern  California  Bight. 
California,  in  2002,  1977,  and  1910,  respectively.  In  2002,  the  boxed  area  was  partially  searched  for  capturing 
murrelets  with  net  guns.  Murrelets  also  breed  at  Santa  Cruz  Island  (SCZ),  San  Miguel  Island  (SMI),  Santa 
Catalina  Island  (CAI),  and  San  Clemente  Island  (SCL),  but  do  not  breed  at  Santa  Rosa  Island  (SRI)  and  San 
Nicolas  Island  (SNI)  (Carter  et  al.  1992,  Burkett  et  al.  2003). 


not  be  captured  with  a net  gun:  they  dove  or 
flushed  at  distances  of  40-50  m and  flew  less 
than  0.5  m above  the  water.  For  net  gun  cap- 
ture, birds  need  to  be  within  10-20  m from 
the  gun  and  fly  higher  than  0.5  m above  the 
water. 

After  failing  to  collect  murrelets  using  non- 
lethal  techniques,  we  were  permitted  to  collect 
10  birds  using  a shot  gun.  The  collections  oc- 
curred on  14  May  (09:15-1  1:00;  n = 3)  and 
15  May  (07:00-08:20;  n = 7;  Fig.  1).  We  ap- 
proached murrelets  at  fast  speeds  in  an  inflat- 
able boat,  causing  them  to  dive.  When  they 
resurfaced  after  one  or  more  dives,  they  were 
shot  and  carcas.ses  were  retrieved  immediate- 

ly- 

Within  15-60  min  of  collection,  stomachs 
were  removed  and  placed  in  7()9f  ethanol  and 
bodies  were  frozen.  Stomach  contents  were 
sorted  and  specific  identilications  were  re- 
viewed by  individuals  experienced  with  spe- 
cific prey  taxa.  Whole  and  partially  tligested 
prey  items  were  counted,  total  lengths  of 


whole  prey  items  were  measured  with  cali- 
pers, and  total  lengths  of  partially  digested 
prey  items  were  estimated  from  partial  mea- 
surements (using  ratios  from  morphometric 
markers).  Life  stages  of  prey  items  were  de- 
termined from  total  lengths.  Preliminary  iden- 
tifications were  checked  against  descriptions 
in  the  literature  for  lengths,  life  stages,  mor- 
phological characteristics,  and  expected  dis- 
tribution (Baxter  1966,  Horn  1973.  Kathman 
et  al.  1986,  Kucas  1986,  Okamoto  et  al.  2002). 

Birds  were  sexed  by  gonad  inspection. 
Adults  were  identilied  by  large  testes  size, 
presence  of  ovarian  follicles  >1  mm  (Ne\ins 
and  Carter  2003),  or  presence  of  brood  j^atch- 
es  (both  sexes  incubate).  We  also  gathcrctl 
morphological  tlata.  collectetl  tissues  for  con- 
taminant analysis,  and  jircparetl  indivitluals  as 
museum  sjx'cimens.  Study  skins  and  prey 
specimens  v\ere  preser\cd  at  the  Humboklt 
State  University  Wildlife  Museum  (Areata. 
C'alifornia). 
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RESULTS 

On  14  May  2002  (Fig.  1),  we  observed  10 
murrelets  and  collected  3.  All  murrelets  were 
within  100  m of  a large,  10-m-wide  band  of 
sea  foam,  floating  algae,  and  other  debris  that 
was  aligned  west-to-east  without  obvious  as- 
soeiated  water  mixing.  On  15  May,  we  ob- 
served an  aggregation  of  50-100  murrelets 
and  collected  7 more  birds  (Fig.  1).  This  ag- 
gregation of  murrelets  was  associated  with 
several  small,  west-to-east  convergence  lines 
marked  with  1-m-wide  bands  of  sea  foam  as- 
sociated with  active  water  mixing  at  the  sur- 
face. Based  on  facial  plumage,  all  10  murre- 
lets collected  belong  to  the  northern  subspe- 
cies {S.  h.  scrippsi),  which  breeds  primarily  in 
the  SCB  (Jehl  and  Bond  1975). 

In  our  sample,  7 of  the  10  stomachs  con- 
tained prey  and  3 were  empty.  Each  stomach 
contained  only  one  prey  species  (Table  1). 
Single  northern  anchovy  (subadult  or  adult) 
were  found  in  two  stomachs  collected  on  sep- 
arate days.  In  both  cases,  the  head  of  each  fish 
had  been  crushed  while  the  bodies  were  rel- 
atively intact.  Two  stomachs  collected  on  dif- 
ferent days  contained  either  juvenile  bluefin 
driftfish  {Psenes  pellucidus)  or  juvenile  me- 
dusafish,  (Icichthys  lockingtoni).  Specific 
identification  of  these  fish  was  impossible  be- 
cause they  were  partially  digested  (i.e.,  heads 
entirely  disintegrated  but  tails  intact).  We  nar- 
rowed identification  to  these  fish  species 
based  on  size  and  morphology  of  tail  and  pel- 
vic fins.  Tail  and  pelvic  fin  morphology  are 
identical  for  juveniles  of  these  two  fish  spe- 
cies, and  different  than  that  of  other  species 
in  the  SCB.  Three  stomachs  contained  mature 
euphausiids  {Thysanoessa  spinifera). 

When  collected,  5 of  the  10  murrelets  were 
taken  from  pairs,  4 were  in  a group,  and  1 
was  alone.  Six  were  adult  females  and  four 
were  adult  males.  We  collected  one  male-fe- 
male pair,  wherein  one  stomach  contained 
northern  anchovy  and  the  other  was  empty. 
The  group  of  four  murrelets  collected  together 
may  have  represented  two  pairs  (i.e.,  two 
males  and  two  females);  three  of  these  had  fed 
on  euphausiids  while  the  other  had  an  empty 
stomach.  One  of  these  females  had  recently 
laid  at  least  one  egg  (based  on  the  presence 
of  a post-ovulatory  follicle,  enlarged  oviduct, 
and  developing  brood  patches),  and  the  asso- 
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dated  male  had  developed  brood  patches. 
None  of  the  other  murrelets  had  brood  patches 
or  exhibited  signs  of  egg  laying. 

DISCUSSION 

Until  1977,  little  was  known  about  the  diet 
of  the  Xantus’s  Murrelet.  Howell  (1910:185) 
reported  that  Xantus’s  Murrelets  collected 
during  May  to  July  1910  at  Los  Coronados 
Islands,  Mexico  (Fig.  1),  “feed  upon  all  kinds 
of  small  sea  life,  including  crustaceans  . . . 
[somel  contain  a certain  green  sea-weed.  ...” 
Dawson  (1923)  reported  that  they  fed  on  “ma- 
rine invertebrates,”  but  no  details  were  pro- 
vided. Miller  (1936)  reported  that  one  murre- 
let collected  during  July  or  August  1935  off 
San  Diego  contained  “several  small  fish.” 
One  dead  murrelet  collected  on  the  beach  in 
Douglas  County,  Oregon,  in  February  1989 
contained  sandlance  otoliths  {Ammodytes  sp.; 
Los  Angeles  County  Museum  #105851,  col- 
lection notes). 

In  1977,  19  of  22  stomachs  from  birds  col- 
lected offshore  of  Santa  Barbara  Island  con- 
tained prey,  and  each  stomach  apparently  con- 
tained only  one  prey  type  (based  on  our  cal- 
culations from  percent  occurrence  reported  in 
Hunt  et  al.  1979).  Eight  stomachs  (42%  of 
stomachs  with  prey)  contained  larval  northern 
anchovies  and  1 1 contained  other  fish  species 
(Table  1). 

Our  2002  sample  added  to  the  diversity  of 
prey  types  and  age/size  classes  of  fish  known 
to  be  utilized  by  Xantus’s  Murrelets.  Ancho- 
vies— all  subadults  or  adults — were  present  in 
29%  of  stomachs.  In  the  1977  sample,  all  an- 
chovies found  in  murrelet  stomachs  were  lar- 
val. Use  of  euphausiids  was  first  documented 
in  2002,  although  unidentified  marine  inver- 
tebrates were  noted  in  the  historical  literature. 
Thyscmoessa  euphausiids  are  common  prey 
for  Cassin’s  Auklets  (Ptychorattiphiis  aleuti- 
cus)  during  the  breeding  season  in  the  north- 
ern SCB  (Hunt  et  al.  1979,  Adams  2004)  and 
for  Marbled  Murrelets  {Brachyramphns  nuir- 
tnoralHs)  during  the  non-breeding  season  in 
Alaska  (Sanger  1987).  Neither  bluetin  driftlish 
nor  medusafish  have  been  reported  previously 
as  prey  species  for  Xantus’s  Murrelets.  Me- 
dusafish are  uncommon  alcid  prey  but  ha\e 
been  reported  to  be  taken  by  Jufted  Fulfills 
{Fratcrcida  cirr/iata:  Balt/  and  Morejohn 

1977).  Bluelin  driftlish  have  not  been  reported 


previously  as  alcid  prey.  The  juvenile  stages 
of  both  species  are  associated  with  jellyfish 
and  floating  weed  patches  (Horn  1973,  Oka- 
moto  et  al.  2002).  Their  presence  in  murrelet 
diet  likely  reflected  murrelets  foraging  near 
convergences  of  floating  patches  of  debris,  al- 
gae, and  sea  foam.  These  juvenile  fish  were 
much  smaller  than  the  subadult  or  adult  an- 
chovies found  in  2002. 

Radio-marked  Xantus’s  Murrelets  from 
Santa  Barbara  Island  in  1996-1997  (Whit- 
worth et  al.  2000)  and  Anacapa  Island  in 
2002-2003  (C.  D.  Hamilton  unpubl.  data) 
were  reported  using  Anacapa  Passage  (be- 
tween Anacapa  and  Santa  Cruz  islands;  Fig. 
1 ) in  the  same  area  where  we  collected  murre- 
lets. Thus,  the  collected  murrelets  could  have 
been  from  several  SCB  breeding  colonies,  and 
Anacapa  Passage  may  be  an  important  for- 
aging area  for  Xantus’s  Murrelets.  The  col- 
lected murrelets  contained  different  fish  and 
euphausiid  prey  species,  indicating  that  sev- 
eral prey  types  were  available  in  that  area  in 
mid-May  2002.  Only  one  prey  type,  however, 
was  found  in  each  stomach  in  2002  and  1977, 
indicating  that  feeding  occurred  on  one  prey 
type  at  a time.  Three  of  four  murrelets  col- 
lected together  were  feeding  on  euphausiids, 
indicating  that  murrelets  found  together  may 
be  exploiting  the  same  prey  resources. 

Synthlihoramphiis  murrelets  dive  for  and 
feed  on  a variety  of  small  fish  and  zooplank- 
ton and  are  considered  to  be  generalist  feeders 
(Sealy  1975,  DeWeese  and  Anderson  1976, 
Gaston  1992,  Gaston  et  al.  1993,  Gaston  and 
Jones  1998).  Dietary  information  from  1977 
and  2002  breeding  seasons  indicated  that 
while  Xantus’s  Murrelets  feed  on  a variety  of 
prey  types,  northern  anchovy  may  be  the  most 
common  prey  in  the  SCB  during  the  breeding 
season.  IJttle  is  known  about  diet  during  the 
non-breeding  season  (murrelets  disperse  as  far 
north  as  British  Columbia,  Canada)  or  about 
diet  of  the  southern  subspecies  (.V.  h.  Iiypolcu- 
cus).  which  breeds  off  the  central  west  ct>ast 
of  Baja  Ckilifornia,  Mexico. 

A cool-water  iieriod  Irom  1950-1975  had 
made  coiulitions  favorable  for  anchovy  abun- 
dance in  the  S(’B  ((’have/  el  al.  2003),  aiul 
could  ha\c  Ictl  to  rrcc|uent  consumption  of  an- 
chovies (429?  occurrence)  in  1977.  In  1978. 
when  the  availability  of  larval  anchovies  was 
delayed  (l.askcr  1979),  murrclels  exhibited 
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delayed  breeding  or  failed  to  breed.  This  sug- 
gests that  larval  anchovy  abundance  affected 
reproductive  success  and  survival  of  murrelets 
(Hunt  and  Butler  1980).  Larval  anchovies, 
however,  were  not  found  in  the  2002  sample; 
thus,  overall  prey  abundance  and  availability 
may  be  more  important  factors  influencing  re- 
productive success  and  survival.  Large-scale 
variations  in  water  temperature  that  occur  in 
the  SCB  are  known  to  affect  the  abundance  of 
anchovies,  zooplankton,  and  other  fish  species 
(Roemmich  and  McGowan  1995,  Chavez  et 
al.  2003,  Lluch-Belda  et  al.  2003),  and  these 
variations  likely  affect  Xantus’s  Murrelets 
during  the  breeding  season. 
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RADIO-TAGGED  PACIFIC  GOLDEN-PLOVERS:  FURTHER  INSIGHT 
CONCERNING  THE  HAWAII-ALASKA  MIGRATORY  LINK 
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ABSTRACT. — We  radio-tagged  55  Pacific  Golden-Plovers  (Pluvialis  fulva)  in  spring  2001-2003  on  wintering 
grounds  in  Hawaii.  Following  their  northward  migration  (most  birds  deserted  winter  territories  in  late  April), 
we  relocated  15  golden-plovers  in  three  regions  of  Alaska:  Copper  River  Delta,  King  Salmon,  and  Kotzebue. 
One  individual  made  the  transpacific  flight  from  Oahu  to  the  Alaska  Peninsula  in  a minimum  time  of  70  hr  at 
a minimum  flight  speed  of  56  km/hr.  Our  findings,  together  with  earlier  records,  indicate  a major  Hawaii-Alaska 
migratory  connection  for  this  species,  and  suggest  that  plovers  wintering  on  Oahu  nest  throughout  the  known 
Alaska  breeding  range.  Post-breeding,  84%  of  the  sample  birds  returned  to  Oahu  and  reoccupied  their  previous 
winter  territories.  Received  21  November  2003,  accepted  10  June  2004. 


The  first  investigations  of  radio-tagged  Pa- 
cific Golden-Plovers  {Pluvialis  fulva)  on  the 
mid-Pacific  flyway  were  conducted  in  1996 
and  1999.  In  these  studies,  birds  from  winter- 
ing populations  on  Oahu,  Hawaii,  were  found 
after  transoceanic  spring  migration  at  three  lo- 
cations in  Alaska  (Johnson  et  al.  1997, 
2001a).  While  migrating  northward,  one  of 
the  plovers  spent  time  at  the  Copper  River 
Delta  stopover  and  then  proceeded  on  to 
breeding  grounds  in  the  Nushagak  River 
drainage  northwest  of  Lake  Iliamna;  others 
were  detected  (presumably  nesting)  in  the 
Nushagak  River  area  and  on  the  Yukon-Kus- 
kokwim  Delta.  Here,  we  present  additional  te- 
lemetry findings  that  further  clarify  spring 
movements  and  destinations  of  plovers  in 
Alaska.  We  also  report  the  post-breeding  re- 
turn rates  to  wintering  territories  in  Hawaii. 
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METHODS 

Over  three  spring  seasons,  we  captured  55 
plovers  on  Oahu — 20  each  in  2001  and  2002, 
and  15  in  2003.  The  birds  (24  adult  males,  22 
adult  females,  3 first-year  males,  and  6 first- 
year  females)  were  caught  mostly  during  the 
third  week  of  April  with  mist  nets  on  lawn 
areas  at  three  wintering  ground  study  sites: 
National  Memorial  Cemetery  of  the  Pacific, 
Hickam  Air  Force  Base,  and  Bellows  Air 
Force  Station.  These  are  the  same  sites  where 
plovers  were  radio-tagged  in  previous  inves- 
tigations (Johnson  et  al.  1997,  2001a).  We 
uniquely  color-banded  each  plover  and  glued 
a 1.65  g,  60-day  life  span  transmitter  (Holohil 
Systems,  Carp,  Ontario)  to  feather  stubs  on 
the  lower  back  (see  Warnock  and  Warnock 
1993).  Such  attachment  was  temporary,  as  ra- 
dios would  be  expected  to  fall  off  during  sum- 
mertime prebasic  molting  on  the  tundra  (John- 
son and  Connors  1996).  Based  on  the  weights 
of  birds  closest  to  migratory  departure  (mean 
= 173  g,  range  = 148-207  g,  n = 18;  all 
captured  on  either  19  or  20  April,  about  1 
week  pre-migration)  plus  comparable  data 
from  the  same  sites  in  other  years  (Johnson  et 
al.  1997,  2001a;  OWJ  unpubl.  data),  the  at- 
tached transmitters  generally  averaged  less 
than  1%  of  total  mass  at  migration.  For  ad- 
ditional information  on  capture,  marking,  and 
determination  of  sex  and  age,  see  Johnson  et 
al.  (1997,  2001a,  2001b). 

All  of  the  radio-tagged  plovers  defended 
specific  winter  territories  on  lawns  at  the  study 
sites;  thus,  we  could  monitor  them  easily  after 
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FIG.  1.  Detections  of  radio-tagged  Pacific  Golden-Plovers  {Pliivialis  fiilva)  in  Alaska.  Numbers  in  circles 
represent  the  present  study  (2001-2003),  numbers  in  squares  show  previous  findings  (Johnson  et  al.  1997,  2()()la). 
Over  all  years,  we  recorded  32  detections  of  28  birds.  Four  individuals  made  long-range  movements  following 
first  detection  (see  text).  Darker  gray  shading  shows  the  approximate  nesting  range  of  P.  fnlvci  in  Alaska. 
Abbreviations:  CRD  (Copper  River  Delta),  Anc  (Anchorage),  KS  (King  Salmon),  Nu  (Nushagak  River  drainage). 
Be  (Bethel),  Ko  (Kotzebue). 


release.  We  checked  for  the  presence  of 
tagged  birds  several  times  a day  (with  a radio 
receiver  and/or  visually),  and  considered  dis- 
appearance from  a territory  as  an  indicator  of 
migration  (Johnson  et  al.  1997,  200 1 a, 
2001b).  This  plover  is  strongly  site-faithful  to 
winter  territories  from  one  season  to  the  next 
(Johnson  and  Connors  1996,  Johnson  et  al. 
1997,  2001a,  2001b),  which  enabled  deter- 
mination of  return  rates  in  the  fall. 

In  Alaska,  we  monitored  radio  frequencies 
in  the  Copper  River  Delta,  King  Salmon,  and 
Kotzebue  regions  (Fig.  1)  using  lixetl-wing 
aircraft  equipped  with  VHF  receiving  anten- 
nae. Aerial  surveys  were  conducted  from  late 
April  to  the  third  week  of  May  at  the  (\)pper 
River  Delta  and  King  Salmon  areas,  and  from 
mid-May  to  mid-.Iimc  at  Kot/ebuc.  Surveys 
were  typically  coincident  with  other  telemetry 


projects  involving  the  same  aircraft.  The  areas 
traversed  by  monitoring  (lights  were  approx- 
imately as  follows:  Copper  River  Delta — 
coastal  Hats  from  Cordova  to  Controller  Bay: 
King  Salmon — Dillingham  to  llnik,  coastline 
to  10  km  inland:  Kotzebue — Ki\alina  to  Deer- 
ing,  coastline  to  30-50  km  inland.  Fhere  were 
2-3  nights  per  season  in  the  Kotzebue  region. 
Monitoring  elTorts  were  more  variable  in  the 
other  areas:  C\)pper  River  Delta — 19  Mights  in 
2001,  6 in  2002,  1 in  2003:  King  Salmon 
1 1 Mights  in  2001,  7 in  2002,  2 in" 2003.  With 
the  exception  of  the  ('opi^er  River  Delta,  we 
recorded  (il\S  coordinates  whenever  a radio- 
tagged  plover  was  tletected. 

REsuns 

During  the  2001  2003  spring  seasons,  mi- 
gratory departure  (as  iiulieated  by  disappear- 
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ance  of  birds  from  their  winter  territories)  oc- 
eurred  from  17  April  to  9 May,  with  almost 
all  departures  taking  plaee  in  late  April.  Col- 
lectively, 44  of  the  55  plovers  (80%)  departed 
from  22  to  29  April,  3 birds  (5%)  disappeared 
before  22  April,  and  8 (15%)  after  29  April. 
Much  the  same  pattern  (OWJ  unpubl.  data) 
was  observed  in  our  1996  and  1999  studies, 
when  56  of  60  birds  (93%)  disappeared  from 
23  to  29  April,  1 bird  (2%)  before  23  April, 
and  3 birds  (5%)  after  29  April.  Based  on 
combined  records  from  all  plovers  we  have 
radio-tagged  (65  males  and  50  females  in 
1996,  1999,  and  2001-2003),  earlier  depar- 
tures were  somewhat  male-biased.  Over  all 
years,  97%  of  males  and  82%  of  females  had 
left  their  territories  by  29  April;  the  last  birds 
at  our  study  sites  each  spring  were  typically 
females.  There  was  no  indication  that  radio- 
tagging delayed  departures,  as  tagged  and  un- 
tagged birds  deserted  their  territories  at  similar 
rates,  and  generally  the  last  few  individuals  to 
leave  were  untagged.  More  females  (10)  than 
males  (5)  were  relocated  in  Alaska  from  2001 
to  2003,  but  there  was  no  statistical  difference 
between  the  sexes  (x“  = 0. 13,  df  = P = 
0.72)  when  relocations  in  previous  studies 
(Johnson  et  al.  1997,  2001a)  were  combined 
with  the  present  sample.  Over  all  years,  15  of 
65  males  and  13  of  50  females  radio-tagged 
on  Oahu  were  relocated  in  Alaska  (Fig.  1). 

The  number  of  birds  detected  varied  among 
years:  nine  in  2001,  hve  in  2002,  and  one  in 
2003.  Inter-year  variation  apparently  resulted 
from  the  number  of  flights  per  season,  survey 
timing  (either  too  early  or  too  late),  lack  of 
plover-specific  monitoring  (i.e.,  coverage  was 
probably  compromised  by  coincident  moni- 
toring of  frequencies  from  other  telemetry 
projects),  and  weather  factors  that  reduced  the 
duration  and/or  effectiveness  of  some  flights. 

We  relocated  two  plovers  (CRD  1 and  CRD 
2)  at  the  Copper  River  Delta  in  2001.  From 
this  stopover,  situated  well  to  the  east  of  the 
nesting  range,  each  bird  moved  westward  and 
was  detected  again — CRD  1 to  the  south  of 
Kotzebue,  and  CRD  2 to  the  south  of  King 
Salmon.  Assuming  straight-line  distances, 
these  flights  were  about  1,100  and  750  km, 
respectively.  Ten  plovers  (including  CRD  2) 
were  found  along  the  western  edge  of  the 
Alaska  Peninsula  and  west  of  King  Salmon 
(Fig.  1 ).  One  set  a record  of  70  hr  elapsed  time 


between  our  last  contact  with  the  bird  on 
Oahu  and  its  relocation  in  Alaska.  Following 
its  detection  south  of  King  Salmon,  this  bird 
then  moved  northward  to  breeding  grounds  near 
Kotzebue.  In  the  Kotzebue  survey  area,  we 
found  six  radio-tagged  plovers,  including  the 
aforementioned  70-hr  individual  and  CRD  1. 

Eighty-four  percent  of  the  sample  popula- 
tion (46  of  55  birds)  returned  to  Oahu  during 
the  first  fall  after  banding  and  each  bird  re- 
occupied its  previous  winter  territory.  The  re- 
turn rate  did  not  differ  significantly  (y^  = 
0.33,  df  = 1,  F = 0.56)  from  that  of  plovers 
that  were  banded,  but  not  radio-tagged,  at  the 
same  study  sites  (144  of  166,  87%;  Johnson 
et  al.  2001a).  Of  the  nine  individuals  that 
failed  to  return,  five  were  females  and  four 
were  males.  Based  on  all  plovers  we  have  ra- 
dio-tagged (Johnson  et  al.  1997,  2001a;  plus 
the  present  sample),  there  was  no  difference 
between  the  sexes  among  birds  that  did  not 
return  ( 10  of  65  males  versus  8 of  50  females; 
= 0.01,  df  = 1,  P = 0.93). 

DISCUSSION 

Relocation  of  two  radio-tagged  birds  at  the 
Copper  River  Delta  from  late  April  to  early 
May  2001,  and  another  individual  in  1996 
(Johnson  et  al.  1997),  indicates  that  some  Pa- 
cific Golden-Plovers  migrating  from  Hawaii 
use  the  delta  region  as  a refueling  site.  Wheth- 
er this  is  an  intended  landfall  or  a deflection 
caused  by  prevailing  winds  during  transoce- 
anic passage  is  uncertain.  Repeated  contacts 
with  the  radio-tagged  plovers  at  the  delta  sug- 
gested that  their  stays  there  lasted  about  1 
week.  Following  this  stopover,  both  of  the 
2001  birds  moved  westward  and  each  was  de- 
tected again  in  tundra  habitat  where  they  may 
have  been  nesting  (Fig.  1).  The  1996  bird 
made  a similar  movement  from  the  delta  to 
the  Nushagak  River  region,  where  it  was  de- 
tected in  late  May  (Johnson  et  al.  1997). 

Detection  of  12  radio-tagged  plovers  in  the 
King  Salmon  region  (10  from  the  present 
study;  2 previously,  Johnson  et  al.  1997, 
2001a)  from  Port  Heiden  to  the  mouth  of  the 
Kvichak  River  (between  57°  and  59°  N)  sug- 
gests that  this  part  of  the  Alaska  Peninsula  is 
an  important  spring  destination  for  birds  win- 
tering on  Oahu.  Some  birds  stopping  here  are 
en  route  to  areas  much  farther  north  (as  shown 
by  one  radio-tagged  plover  subsequently  re- 
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located  near  Kotzebue);  others  may  be  in  pas- 
sage to  less  distant  breeding  grounds,  such  as 
the  Nushagak  River  drainage  (Fig.  1 ; Bennett 

1996,  Johnson  et  al.  2001a).  It  is  also  possible 
that  some  of  the  birds  detected  on  the  Alaska 
Peninsula  are  nesting  there.  During  a 15  May- 
5 June  2002  shorebird  survey  at  various  sites 
on  the  peninsula,  C.  Wightman  (in  litt.  2002) 
“recorded  Pacific  Golden-Plovers  performing 
display  flights  to  approximately  57  degrees  30 
minutes  latitude,”  essentially  the  same  lati- 
tude where  we  received  signals  from  several 
of  our  radio-tagged  birds.  The  timing  of 
Wightman’s  observations  strongly  suggests 
that  they  represented  breeding  birds,  but  as  yet 
no  intensive  nest  searches  have  been  con- 
ducted. If  nesting  is  confirmed  at  that  latitude, 
it  would  extend  the  breeding  range  at  least 
250  km  farther  south  than  currently  recog- 
nized (Fig.  1;  also  see  Johnson  et  al.  2001a). 

The  minimum  flight  time  of  70  hr  from 
Oahu  to  near  Port  Heiden  on  the  Alaska  Pen- 
insula is  the  shortest  interval  thus  far  recorded 
(previously  90  hr,  see  Johnson  et  al.  1997)  for 
the  transpacific  passage.  Assuming  a great  cir- 
cle route  of  approximately  3,900  km,  this 
bird’s  minimum  flight  speed  was  56  km/hr. 
Given  the  high-speed  flight  characteristic  of 
the  species  (Paulson  1993,  Johnson  and  Con- 
nors 1996),  the  actual  flight  time  was  probably 
less  and  the  speed  greater  than  we  recorded. 
Measurements  of  flight-time  and  speed  are 
complicated  by  a number  of  difficult-to-re- 
solve  variables,  including  time  spent  in  pre- 
departure staging,  routes  followed,  and  the  in- 
terval between  arrival  and  detection  in  Alaska. 

The  relatively  high  rates  of  fall  returns  con- 
firmed earlier  conclusions  (Johnson  el  al. 

1997,  2001a)  that  radio-tagging  caused  no  ap- 
parent harm  to  the  birds.  While  this  is  reas- 
suring, it  remains  uncertain  whether  transmit- 
ters interfere  in  any  way  with  the  reproductive 
process.  Both  .sexes  returned  at  equal  rates  and 
this  further  substantiated  past  findings  (in  part 
from  birds  not  radio-tagged)  of  no  sex-related 
bias  in  mortality  during  the  migration  or 
breeding  periods  (Johnson  et  al.  1993,  200 1 a, 
200 lb;  OWJ  unpubl.  data). 

Our  aerial  surveys  in  Alaska  covered  a rel- 
atively small  fraction  (probably  <\(V/f  ) of  the 
area  in  which  Pacific  Golden-Plovers  cither 
nest  or  likely  stop  to  refuel.  Nonetheless,  we 
relocated  15  of  55  (217r)  frt)m  2001  through 


2003  and  13  of  60  (22%)  in  previous  years. 
Our  findings  suggest  that  a substantial  portion 
of  the  birds  wintering  on  Oahu  breed  in  Alas- 
ka. Whether  some  fraction  of  Oahu  birds 
breeds  in  eastern  Siberia  is  unknown.  Our  data 
also  suggest  that  plovers  wintering  on  Oahu 
nest  throughout  the  known  breeding  range  in 
Alaska  (Fig.  1).  Similar  linkages  seem  likely 
for  plovers  wintering  elsewhere  in  Hawaii,  but 
proof  will  require  additional  radio-tagging  in 
other  parts  of  the  archipelago. 
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BEHAVIORAL  INTERACTIONS  BETWEEN  EIRE  ANTS  AND 
VERTEBRATE  NEST  PREDATORS  AT  TWO  BLACK-CAPPED 

VIREO  NESTS 

JENNIFER  E.  SMITH, STEVEN  J.  TAYLOR,''^  CHRISTOPHER  J.  WHELAN,' 
MICHAEL  L.  DENIGHT,^  AND  MIKE  M.  STAKE’" 


ABSTRACT. — We  report  on  behavioral  interactions  between  fire  ants  (Solenopsis  invicta)  and  vertebrate 
predators  at  two  Black-capped  Vireo  (Vireo  atricapilla)  nests  at  Fort  Hood,  Texas.  In  the  presence  of  fire  ants, 
an  eastern  woodrat  {Neotoma  jioridcina)  failed  to  depredate  a clutch  of  vireo  eggs  at  one  nest,  while  a rat  snake 
(Elciphe  obsoleta  lindheimeh)  depredated  nestlings  at  another  nest,  despite  fire  ants  swarming  the  nest.  Neither 
nest  was  successful.  Direct  and  indirect  effects  of  interactions  among  nest  predators  on  avian  nesting  success 
need  further  assessment.  Received  21  November  2003,  accepted  7 June  2004. 


The  red  imported  fire  ant  {Solenopsis  invic- 
ta) is  an  invasive  species  that  occurs  through- 
out much  of  the  southern  United  States  (Porter 
et  al.  1991,  Callcott  and  Collins  1996, 
O’Keefe  et  al.  2000),  where  it  poses  a serious 
threat  to  terrestrial  communities  (Wojcik  et  al. 
2001,  Hoi  way  et  al.  2002).  It  preys  upon  birds 
(Sikes  and  Arnold  1986,  Allen  et  al.  1995, 
Kopachena  et  al.  2000),  small  mammals  (Kil- 
lion  et  al.  1995,  Ferris  et  al.  1998),  and  rep- 
tilian eggs  and  hatchlings  (Mount  et  al.  1981, 
Buhlmann  and  Coffman  2001,  Parris  et  al. 
2002).  Fire  ants  may  reduce  population  den- 
sities of  small  mammals  (Killion  et  al.  1995, 
Ferris  et  al.  1998)  and  cause  shifts  in  small 
mammal  foraging  patterns  (Holtcamp  et  al. 
1997).  Tuberville  et  al.  (2000)  suggest  that  fire 
ants  also  may  influence  snake  populations,  but 
there  is  no  evidence  that  they  depredate  adult 
snakes.  Fire  ants  appear  to  out-compete  native 
ants  and  arthropods  for  invertebrate  prey  (Ap- 
per.son  and  Powell  1984,  Morri.son  2002). 
Competition  between  fire  ants  and  other  pred- 
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ators  for  vertebrate  prey,  however,  has  not 
been  documented  except  in  the  recent  case 
where  fire  ants  consumed  shrike-cached  food 
(Allen  et  al.  2001).  Here,  we  document  the 
behavioral  interactions  between  fire  ants  and 
two  vertebrate  nest  predators,  an  eastern 
woodrat  {Neotoma  floridana)  and  a Texas  rat 
snake  {Elaphe  obsoleta  lindheinieri),  at  two 
nests  of  the  Black-capped  Vireo  {Vireo  atri- 
capilla). 

METHODS 

Predator  activity  was  recorded  as  part  of 
ongoing  monitoring  and  management  of 
Black-capped  Vireos  at  Fort  Hood,  an  88,500- 
ha  military  installation  in  Bell  and  Coryell 
counties,  Texas  (30°  10'  N,  97°  45'  W). 
Twelve  infrared  video  systems  (Fuhrman  Di- 
versified, Inc.,  .Seabrook,  Texas)  were  de- 
ployed to  monitor  142  nests  for  1,589  expo- 
sure days  (773  in  the  incubation  stage  and  816 
in  the  nestling  stage)  from  1 April  to  31  .Inly. 
1998-2001.  A detailed  description  of  the  vid- 
eo-monitoring protocol  is  given  in  .Stake  and 
Cimprieh  (2003).  We  quantified  predation 
events  and  predator  interactions  when  fire  ants 
were  at  vireo  nests.  Vireo  behavior  was  eate- 
gori/ed  as  aerial  defense  when  birds  were  ob- 
served in  the  v ideo  monitor  at  least  once  w ith- 
in  a 20-sec  interval  and  perchctl  on  the  focal 
nest  for  no  longer  than  2 sec.  During  aerial 
defense,  vireos  actively  pecked  at  and  re- 
moved lire  ants  swarming  the  nest. 

Ants  from  \ireo  nests  were  identified  in  the 
field  as  fire  ants  (by  MM.S)  during  daily  main- 
tenanee  of  video  cameras.  In  a separate  study, 
.S.rr  (unpubl.  data)  eolleeted  ant  samples 
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across  Fort  Hood  at  135  points  on  a 2,000-in 
grid,  and  also  conducted  bi-monthly  ant  sam- 
pling for  one  year  at  150  bait  trap  stations  in 
vireo  nesting  habitat.  This  vouchered  material 
was  identified  in  the  laboratory,  and  the  only 
Solenopsis  species  in  these  samples  was  S.  in- 
victa.  On  rare  occasions  the  native  fire  ant,  S. 
geminata,  has  been  collected  at  bait  stations 
in  other  studies  at  Fort  Hood  (C.  E.  Pekins 
pers.  comm.),  leaving  open  the  remote  possi- 
bility that  the  ants  observed  in  our  study  could 
have  been  native  fire  ants. 

RESULTS 

Of  134  vireo  nests,  48  (35.8%)  failed  due 
to  direct  predation,  where  predators  removed 
or  damaged  some  or  all  of  the  nest  contents 
(Stake  and  Cimprich  2003).  Eire  ants  were 
among  these  predators  and  they  directly  dep- 
redated 15  nests  (31.3%).  Abandonment  by 
vireos  in  response  to  fire  ants  was  the  source 
of  failure  at  six  additional  nests.  Thus,  fire 
ants  caused  failure  at  21  nests  (29.6%)  when 
direct  predation  and  abandonment  were  com- 
bined. 

All  depredated  nests,  except  three,  were  at- 
tacked by  a single  predator.  In  the  first  nest,  a 
Brown-headed  Cowbird  {Molothriis  ater)  re- 
moved one  nestling,  and  2 days  later  a snake 
consumed  the  remaining  nestlings.  At  the  sec- 
ond nest,  an  eastern  woodrat  failed  to  depre- 
date a clutch  of  vireo  eggs  in  the  presence  of 
swarming  fire  ants.  At  the  third  nest,  a rat 
snake  depredated  vireo  nestlings  in  the  pres- 
ence of  fire  ants.  Interactions  of  predators  at 
the  second  and  third  nest  are  discussed  below. 
Based  on  careful  examination  of  the  video 
tapes,  we  estimate  that  hundreds  of  fire  ants 
swarmed  each  of  these  nests. 

On  15  June  1999,  fire  ants  were  observed 
in  a vireo  nest  at  1 1:17:02  CST  while  the  adult 
female  was  apparently  sleeping  and  incubat- 
ing her  clutch  of  four  eggs.  The  nest  was  1.05 
m high  in  a shin  oak  {Querciis  sinuatci  var. 
breviloba).  The  female  vireo  started  to  peck 
at  the  ants  5.22  min  after  they  arrived  at  the 
nest.  Beginning  15.27  min  after  the  arrival  of 
the  ants,  the  female  perched  on  the  rim  of  the 
nest  and  rapidly  pecked  to  remove  the  ants. 
She  actively  removed  ants  for  2.05  min,  after 
which  she  abandoned  the  nest  and  was  not 
observed  again. 

An  eastern  woodrat  approached  and  inves- 


tigated the  exposed  clutch  of  eggs  0.83  min 
after  the  female  abandoned  the  nest.  While  fire 
ants  were  present  on  the  nest  and  eggs,  the 
woodrat  made  physical  contact  with  the  eggs 
but  did  not  depredate  any  of  them.  The  wood- 
rat remained  at  the  nest  for  0.37  min  before 
leaving.  Ants  continued  to  swarm  the  nest 
both  during  and  after  the  time  that  the  woodrat 
was  at  the  nest. 

Shortly  after  sunrise  (05:30:02)  the  next 
day,  an  adult  male  vireo  arrived  at  the  nest 
while  fire  ants  continued  to  swarm  the  clutch. 
He  immediately  engaged  in  aerial  defense  of 
the  nest.  He  continued  this  behavior  for  24.97 
min  before  attempting  to  incubate  the  clutch. 
The  male  switched  between  incubating  and 
rapid  pecking  behaviors  for  another  24.03  min 
before  abandoning  the  nest.  At  the  time  of 
abandonment,  fire  ants  remained  at  and  con- 
tinued to  swarm  the  nest.  Despite  the  failed 
predation  attempt  by  the  woodrat  and  nest  de- 
fense by  the  adult  vireos,  the  ants  remained  at 
the  nest  for  a total  of  29.55  hr.  The  clutch 
failed  to  hatch.  Careful  examination  of  the 
eggs  later  revealed  that  one  egg  had  a small 
hole  in  it.  The  egg  was  presumably  nicked  by 
the  woodrat  as  fire  ants  are  apparently  unable 
to  puncture  intact  egg  shells,  though  they  do 
forage  on  pipped  or  cracked  eggs  (Ridlehuber 
1982,  Buhlmann  and  Coffman  2001;  this 
study). 

At  another  vireo  nest  containing  three,  8- 
day-old  nestlings,  an  adult  female  vireo  was 
last  seen  at  19:36:59  on  16  June  2000.  This 
nest  was  located  0.74  m high  in  a Texas  oak 
{Q.  biickleyii).  Fire  ants  swarmed  the  nest  at 
01:03:38  on  17  June,  while  all  three  nestlings 
were  apparently  sleeping  and  no  adult  birds 
were  present.  Beginning  16.70  min  after  the 
ants  were  first  observed  at  the  nest,  the  nest- 
lings began  to  squirm  and  move  frantically 
from  side  to  side  and  continued  to  do  so  for 
the  next  3.55  hr.  At  04:48:20,  a rat  snake  ar- 
rived at  the  nest,  which  was  still  swarming 
with  ants.  The  snake  investigated  the  nest  for 
2.65  min  before  striking  and  consuming  a vir- 
eo nestling  at  04:50:59.  The  snake  proceeded 
to  depredate  the  other  two  nestlings  at  04:57: 
57  and  05:03:00  (9.62  min  and  14.67  min  af- 
ter arriving  at  the  nest).  The  snake  did  not 
appear  to  be  affected  by  the  ants.  The  snake 
left  the  nest  at  05:15:04,  with  ants  continuing 
to  swarm  the  now  empty  nest. 
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At  05:18:05,  an  adult  female  vireo  returned 
to  the  empty  nest,  where  ants  were  still 
swarming.  She  engaged  in  aerial  defense  for 
15.58  min  until  an  adult  male  vireo  arrived  at 
05:33:40.  At  this  time,  both  adults  continued 
to  defend  the  nest,  alternating  in  aerial  defense 
of  the  nest.  Fire  ants  were  last  observed  at  the 
nest  at  07:05:31  and  both  adults  abandoned 
the  nest  at  07:06:43. 

DISCUSSION 

Fire  ants  caused  nest  failure  during  this 
study  by  swarming  vireo  nests  (resulting  in 
nest  abandonment)  and  by  direct  predation  of 
nestlings.  Our  two  observations  of  behavioral 
interactions  between  predators  suggest  that 
fire  ants  may  contribute  both  positively  and 
negatively  to  the  nesting  success  of  vireos.  In 
two  predation  attempts,  fire  ants  apparently 
deterred  a mammalian  predator,  but  not  a 
snake,  from  depredating  a vireo  nest. 

Because  hre  ants  also  impact  other  species, 
including  those  that  may  depredate  vireo 
nests,  there  are  a number  of  possible  indirect 
effects  of  hre  ants  on  vireos.  Fire  ants  may 
indirectly  reduce  rodent  populations  through 
competition  for  common  food  sources  (Killion 
et  al.  1995,  Ferris  et  al.  1998).  Fire  ants  are 
known  to  prey  upon  small  mammals  (Killion 
et  al.  1995,  Ferris  et  al.  1998),  and  they  may 
alter  small  mammal  habitat  use  (Pedersen  et 
al.  2003)  and  foraging  patterns  (Holtcamp  et 
al.  1997)  in  ways  that  deter  rodents  from  dep- 
redating vireo  nests.  Fire  ants  depredate 
pipped  eggs  and  hatchlings  of  reptiles  (Mount 
et  al.  1981,  Tuberville  et  al.  2()0(),  Buhlmann 
and  Coffman  2001,  Parris  et  al.  2002),  which 
could  alter  snake  densities  and,  ultimately, 
rates  of  vireo  predation. 

' Other  indirect  effects  may  result  from  the 
I interaction  between  fire  ants  and  vireos  them- 
I selves.  When  fire  ants  swarm  vireo  nests,  they 
I induce  alarm  responses  from  adult  and  nest- 
I ling  vireos.  Aerial  defense  by  adults,  and  pan- 
I ic  response  by  nestlings,  may  attract  other 
' predators,  including  snakes,  to  the  nest.  Al- 
I though  fire  ants  apparently  are  unable  to 
' breech  intact  eggs  (Ridichuber  1982.  Buhl- 
mann and  Coffman  2001,  .Stake  and  C'imprich 
' 2003),  they  are  able  to  depredate  young  vireo 
nestlings  (Stake  and  Cimprich  2003). 

Fire  ants  negatively  affect  nest  success  di- 
rectly via  depredation  and  abaiulonmcnt:  both 


positive  and  negative  indirect  effects  are  also 
likely.  Study  of  the  potential  indirect  effects 
of  hre  ant  depredation  of  vireos  and  co-oc- 
curring  bird  species  should  be  a component  of 
future  studies  of  bird/hre  ant  interactions. 
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PREDATION  RISK  ASSOCIATED  WITH  GROUP  SINGING  IN  A 
NEOTROPICAL  WOOD-QUAIL 

AMANDA  M.  HALE' 


ABSTRACT. — Decades  of  fruitful  research  on  the  study  of  vocal  communication  in  birds  have  provided 
surprisingly  little  evidence  of  a predation  cost  associated  with  singing.  In  this  paper,  I report  the  first  observa- 
tional evidence  of  a risk  of  predation  associated  with  chorusing  in  a Neotropical  wood-quail.  Black-breasted 
Wood-Quail  iOdontophorus  leucolaemus)  live  in  groups  year-round  and  produce  coordinated  group  choruses  or 
duets.  Three  mammalian  and  two  avian  species  of  predators  were  attracted  to  playbacks  of  recorded  wood-quail 
choruses  that  I used  during  population  surveys  and  capture  attempts  from  March  to  August,  2000-2002.  The 
trade-off  between  signaling  and  predation  risk  may  be  an  important  force  in  the  evolution  of  chorusing  in  New 
World  quails.  Received  12  February  2004,  accepted  19  July  2004. 


Long  distance  vocalizations  are  used  for 
territory  defense,  mate  attraction,  and  other 
functions  in  a variety  of  animals  (Bradbury 
and  Vehrencamp  1998,  Todt  and  Naguib 
2000).  Whenever  such  signals  are  sent,  how- 
ever, there  is  a danger  that  they  will  be  heard 
and  taken  advantage  of  by  illegitimate  receiv- 
ers, such  as  competitors,  parasites,  or  preda- 
tors (McGregor  1993,  Bradbury  and  Vehren- 
camp 1998,  Haynes  and  Yeargan  1999).  For 
example,  the  parasitoid  tachinid  fly,  Onnia 
ochracea,  is  attracted  to  tape  recordings  of  a 
host  cricket,  GryUiis  integer  (Cade  1975);  the 
fringe-lipped  bat  (Trachops  cirrhosiis)  uses 
acoustic  cues  to  capture  calling  frogs  (Tuttle 
and  Ryan  1981);  and  several  species  of  fo- 
liage-gleaning bats  in  Panama  use  the  mate- 
attracting  songs  of  male  katydids  to  locate 
these  prey  (Belwood  and  Morris  1987).  In 
birds,  however,  evaluation  of  predation  costs 
associated  with  signaling  has  primarily  been 
restricted  to  studies  of  plumage  conspicuous- 
ness (Gotmark  1992,  Promislow  et  al.  1992, 
Andersson  1994).  Although  most  studies  of 
costs  associated  with  vocal  communication  in 
birds  have  focused  on  energetics  (Eberhardt 
1994,  Oberweger  and  Gollcr  2001,  Thomas 
2002),  eavesdropping  by  predators  has  been 
demonstrated  experimentally  in  three  species. 
The  first  experimental  evidence  comes  from  a 
study  of  Red-winged  Blackbirds  {Agelaiits 
phoenicens),  in  which  nests  accompanied  by 
playback  of  female  ‘chit'  calls  were  depredat- 
ed at  higher  rates  than  nests  without  playback 
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(Yasukawa  1989).  Two  recent  studies  provide 
additional  experimental  support:  Brown  Skuas 
(Stercororius  antarcticci)  use  the  mate  attrac- 
tion calls  of  colonially  nesting  seabirds  as  a 
cue  for  prey  location  and  selection  (Mougeot 
and  Bretagnolle  2000),  and  long-distance  call- 
ing in  Crested  Tits  {Pants  cristatiis)  increases 
the  risk  of  predation  by  Eurasian  Sparrow- 
hawks  (Accipiter  nisiis;  Krams  2001). 

In  this  study,  I report  observational  evi- 
dence that  predators  are  attracted  to  group 
singing  in  Black-breasted  Wood-Quail  {Oclon- 
tophorus  leucolaemus),  a social  species  re- 
stricted to  the  remaining  highland  forest  of 
Costa  Rica.  Black-breasted  Wood-Quail  live 
in  coveys  year-round  (2  to  15  individuals)  in 
the  dense  understory  of  cool,  wet  forest  be- 
tween 900  and  1,600  m elevation.  Nesting 
usually  occurs  around  the  onset  of  the  rainy 
season  in  May  and  June  (McDonald  and  Win- 
nett-Murray  1989;  AMH  pers.  obs.).  Coveys 
defend  group  territories  and  produce  coordi- 
nated group  choruses  or  duels.  Neighboring 
coveys  are  most  often  heard  calling  back  and 
forth  just  after  dawn.  All  members  of  the  cov- 
ey participate  in  the  chorus,  and  individuals 
often  hop  up  on  perches  (dead  fallen  trees) 
approximately  I m off  the  ground  w hile  sing- 
ing. Depending  on  the  weather  and  terrain,  the 
chorus  is  audible  to  humans  from  a distance 
of  2()()-5()()  m (AMH  pers.  obs.).  Because 
choruses  and  duets  by  a single  mated  pair 
have  the  same  basie  strueture  in  Blaek-breasi- 
ed  Wood-Quail,  hereafter  I will  refer  to  both 
as  choruses. 

Mi:rn()i)s 

The  study  area  is  loeated  in  Montevertle 
(10°  15'  N,  84°  46'  W ).  a 1, 500-ha  dairy  farm- 
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ing  community  at  an  elevation  of  1,350-1,500 
m on  the  Pacific  slope  of  the  Cordillera  de 
Tilaran  in  Puntarenas  Province,  Costa  Rica. 
This  area  is  the  site  of  long-term  ecological 
studies  and  has  been  well  described  (Nadkarni 
and  Wheelwright  2000).  Monteverde  is  a frag- 
mented landscape,  composed  of  open  pas- 
tures, some  cultivated  bananas  and  coffee,  and 
considerable  remnant  pre-montane  and  lower 
montane  moist/wet  forest  (Holdridge  1967). 
The  community  lies  on  a narrow  plateau 
bounded  on  the  north  by  human  dwellings  and 
agriculture,  on  the  south  and  west  by  cliffs, 
and  on  the  east  by  a large  expanse  of  cloud 
forest — the  28,000-ha  Monteverde  Reserve 
Complex,  Costa  Rica’s  largest  intact  highland 
forest.  Black-breasted  Wood-Quail  inhabit  the 
large  windbreaks  and  patches  of  remnant  for- 
est in  the  Monteverde  community  and  the  con- 
tinuous forest  of  the  Monteverde  Reserve 
Complex.  Although  locally  common  in  the 
Monteverde  area.  Black-breasted  Wood-Quail 
are  generally  rare  throughout  Costa  Rica 
(Stiles  and  Skutch  1989,  Fogden  1993),  and 
are  classified  as  a species  of  conservation  con- 
cern by  the  lUCN — World  Conservation 
Union  (Collar  et  al.  1994,  Fuller  et  al.  2000). 
In  Monteverde,  average  covey  size  is  four 
adults  with  approximately  11%  of  surveyed 
coveys  containing  three  or  more  adults  (/z  = 
151  coveys).  Average  density  is  one  covey  per 
3.3  ha  (AMH  unpubl.  data). 

From  March  through  August,  2000-2002,  I 
conducted  wood-quail  surveys  in  the  Monte- 
verde area  by  using  playbacks  of  choruses  to 
simulate  territorial  intrusions.  A single  record- 
ing from  the  Indicator  Birds  of  the  Costa  Ri- 
can Cloud  Forest  CD  (Ross  et  al.  1997)  was 
used  in  2000  and  2001.  This  58-sec  recording 
consisted  of  three  choruses  from  a bout  of 
counter-singing  between  two  coveys  of  un- 
known size.  The  recordings  used  in  2002  were 
obtained  from  songs  provoked  by  the  use  of 
playback.  Recordings  were  made  from  64 
bouts  of  singing  by  45  coveys;  I used  a Sony 
Cassette  Recorder  TC-D5M  and  Audio- 
Technica  unidirectional  microphone  (70- 
18,000  Hz).  Digital  sound  files  were  created 
from  the  analogue  recordings  at  22.05  kHz 
with  16-bit  accuracy  using  Syrinx  Version 
2.2b  (2001).  Sixteen  experimental  tapes,  con- 
sisting of  one  chorus  each  from  16  coveys  of 
known  size  (range  2-7  adults),  were  made  to 


determine  whether  wood-quail  coveys  adjust- 
ed their  responses  to  playbacks  based  on  the 
number  of  individuals  in  the  “intruding”  cov- 
ey. These  16  choruses  were  chosen  based  on 
the  clarity  of  the  recording  and  the  absence  of 
other  sounds,  including  singing  by  other  spe- 
cies, wind,  and  rain.  One  of  these  tapes  con- 
sisted of  a 15-sec  chorus  that  was  looped  to 
make  a 30-sec  recording,  while  each  of  the 
other  tapes  consisted  of  a single  chorus  lasting 
26-31.5  sec. 

To  simulate  territorial  intrusions,  I entered 
a group’s  territory  and  played  a recording  (30 
sec  from  the  cloud  forest  CD  recording  in 
2000  and  2001,  or  one  of  the  experimental 
tapes  in  2002)  using  a Sony  Walkman,  a 20- 
watt  RMS  power  amplifier,  and  a 12.5-cm,  15- 
watt  Speco  loudspeaker  (300-15,000  Hz) 
placed  0-2  m above  the  forest  floor.  If  the 
group  responded  immediately,  either  by  call- 
ing or  approaching  the  loudspeaker,  I did  not 
continue  with  playback.  If  the  group  did  not 
respond,  I repeated  the  playback  once  every  3 
min  for  a maximum  of  15  min.  Amplitude  lev- 
el of  the  playback  was  matched  by  ear  to  sing- 
ing wood-quail  and  was  held  constant 
throughout  the  trials.  In  general,  the  playback 
was  just  loud  enough  so  that  the  sound  trav- 
eled approximately  200  m and  was  not  dis- 
torted. Wood-quail  coveys  tended  to  respond 
immediately  when  a recording  was  played 
within  their  territories;  they  would  sing  and 
approach  within  a few  cm  of  the  loudspeaker. 
Solitary  individuals  also  responded  to  play- 
backs by  singing,  but  did  not  closely  approach 
the  sound  source.  I also  used  playbacks  to  lure 
wood-quail  into  mist  nets  or  large  traps  for 
individual  marking  and  genetic  sampling.  The 
number  of  times  the  recording  was  played 
during  capture  (from  1 to  approximately  20 
times  per  hr)  depended  upon  the  response  of 
the  focal  group  and  the  number  of  group 
members  captured. 

RESULTS  AND  DISCUSSION 

Wood-quail  choruses  are  rushing  gabbles  of 
notes  patterned  into  two  sets  of  paired  sylla- 
bles that  are  repeated  over  and  over.  Choruses 
last  10-60  sec  and  occur  most  often  just  after 
dawn  (54%  of  spontaneous  choruses  occurred 
between  05:30  and  06:30  GMT-6,  n = 87  cho- 
ruses). The  majority  of  choruses  are  answered 
by  neighboring  groups,  and  bouts  of  counter- 
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singing  among  neighbors  last  from  about  1 
j min  to  over  1 hr  (AMH  unpubl.  data).  When 
I two  or  more  social  groups  come  into  contact 
I near  a territorial  boundary,  each  group  pro- 
duces a well-coordinated  chorus  and  the 
' groups  will  either  alternate  or  overlap  their 
i bouts  of  singing.  Often,  after  a few  bouts  of 
counter-singing,  one  or  more  groups  will  re- 
treat from  the  area.  In  other  instances,  the  ter- 
ritorial encounters  can  last  up  to  several  hr.  In 
addition  to  continued  singing  during  territorial 
encounters,  individuals  produce  several  other 
vocalizations  and  participate  in  strutting  dis- 
I plays,  chases,  and  even  physical  fights  with 
neighboring  group  members.  Wood-quail  cov- 
eys responded  to  simulated  territorial  intru- 
sions with  either  choruses  or  approaches  dur- 
ing 65%  of  surveys  and  75%  of  capture  at- 
tempts in  2000-2002  {n  = 467  surveys  and  n 
= 122  capture  attempts). 

During  surveys  and  capture  attempts,  I wit- 
nessed eight  instances  of  predator  response  to 
playbacks  of  wood-quail  choruses  (three  in 
2000,  four  in  2001,  and  one  in  2002).  During 
109  survey  mornings  (mean  = 4.3  social 
groups  surveyed  per  morning),  the  loudspeak- 
er was  approached  by  a single  predator  on 
four  occasions:  two  gray  foxes  (Urocyon  ci- 
nereoargenteus)  and  two  Collared  Forest-Fal- 
cons {Micrastiir  semitorquatus).  These  pred- 
ators approached  the  loudspeaker  after  the  re- 
cording had  been  played  from  one  to  three 
times.  During  95  capture  mornings,  the  loud- 
speaker was  approached  on  three  occasions  by 
a single  predator,  one  margay  {Leopardus  wie- 
dii),  one  Barred  Forest-Falcon  (Micrastur  ruf- 
icollis),  and  one  Collared  Forest-Falcon,  and 
on  one  occasion  by  two  domestic  dogs  {Can is 
familiaris\  which  have  been  observed  to  cap- 
ture wood-quail  in  this  area).  While  the  forest- 
falcons  approached  the  loudspeaker  after  the 
recording  was  played  just  three  limes  during 
capture  attempts,  the  margay  and  dogs  re- 
sponded after  the  recording  had  been  played 
approximately  10  times.  In  each  of  these  in- 
stances, the  behavior  of  the  predator  suggested 
I that  it  was  responding  to  the  vocalizations 
! rather  than  something  else  in  the  ein  ironment. 

I The  two  foxes  walked  directly  to  the  loud- 
' speaker  before  leaving  the  area  upon  seeing 

I me;  the  margay  broke  through  the  mist  nets 
and  pounced  on  the  loutlspeaker;  one  C’ollared 
; Forest-E'alcon  laiuletl  within  a lew  m of  the 


approaching  covey  and  pursued  the  quail  on 
foot  as  they  ran  for  cover;  two  Collared  For- 
est-Falcons and  the  Barred  Forest-Falcon 
perched  on  a branch  located  approximately  3 
m above  the  loudspeaker  and  visually 
searched  the  immediate  area;  and  the  dogs  ran 
directly  at  the  loudspeaker  before  pausing  and 
searching  the  surrounding  area.  Two  of  these 
predators  are  forest  specialists  (Collared  For- 
est-Falcon, margay)  and  may  be  constrained 
to  using  vocal  cues  to  locate  prey.  Unlike  the 
other  predators,  the  Barred  Forest-Falcon  is 
too  small  (165-200  g;  Stiles  and  Skutch  1989) 
to  capture  adult  wood-quail  (mean  = 295  g 
±16  SD,  n = 103  adults;  AMH  unpubl.  data); 
however,  because  these  playback  trials  oc- 
curred during  the  wood-quail  breeding  season, 
it  may  have  been  looking  for  chicks. 

Although  energetic  costs  associated  with 
producing  signals  have  received  the  most  at- 
tention, there  is  increasing  evidence  that  ad- 
ditional costs,  such  as  increased  exposure  to 
predators,  should  also  be  considered  in  studies 
of  the  evolution  of  communication  (reviewed 
in  Gil  and  Gahr  2002).  This  may  be  particu- 
larly important  in  birds  because  the  empirical 
evidence  for  a high  energetic  cost  of  singing 
in  passerines  is  equivocal  (Eberhardt  1996, 
Gaunt  et  al.  1996,  Oberweger  and  Goller 
2001,  Thomas  2002,  Ward  et  al.  2003),  and 
studies  of  a nonpasserine.  Red  Junglefowl/do- 
mestic  roosters  (Callus  gal  I us),  show  that 
crowing  is  not  energetically  costly  (Chappell 
el  al.  1995,  Horn  et  al.  1995).  Similarly,  cho- 
rusing in  Black-breasted  Wood-Quail  seems 
unlikely  to  be  energetically  costly  even 
though  it  is  a year-long  endeavor:  on  any  giv- 
en day,  individuals  sing  for  a short  amount  of 
time,  perhaps  giving  only  several  bouts,  each 
less  than  I min  in  length  (AMH  unpubl.  data). 
This  is  in  contrast  to  the  high  le\el  of  singing 
effort,  in  terms  of  both  frequency  and  duration 
of  songs,  observed  in  many  male  passerines 
during  the  breeding  season  (Welty  1982, 
Catchpole  and  Slater  1995).  'Hiis  comparison 
suggests  that  a high  metabolic  cost  aiul  li>ss 
of  time  that  could  be  spent  foraging  or  resting 
are  not  likely  for  wood-tjiiail.  with  the  excep- 
tion of  chorusing  associated  with  prolonged 
territorial  encounters. 

'Hie  observations  jnesented  here  suggest 
that  pretlators  eavestlrop  on  choruses  pro- 
duced by  w()od-t|uail.  In  my  siutly  area,  a 
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predator  responded  to  recordings  on  1.4%  of 
the  589  surveys  or  capture  attempts.  This  is 
likely  to  be  a great  underestimate  of  the  risk 
of  predation;  it  is  reasonable  to  presume  that 
I did  not  see  all  of  the  predators  that  were 
attracted  to  the  playbacks,  in  part  because  they 
avoid  humans.  Moreover,  the  suite  of  detected 
predators  included  both  those  that  are  com- 
monly seen  (e.g..  Barred  Forest-Falcon,  gray 
fox)  and  those  that  are  observed  only  rarely 
in  the  Monteverde  area  (e.g..  Collared  Forest- 
Falcon,  margay)  (Fogden  1993,  Nadkarni  and 
Wheelwright  2000).  Detection  of  these  rare  or 
uncommon  predators  provides  further  support 
that  the  potential  suite  of  predators  is  large 
and  that  chorusing  in  Black-breasted  Wood- 
Quail  may  have  a non-trivial  cost  of  preda- 
tion. Additional  anecdotal  evidence  suggests 
that  the  risk  of  predation  associated  with  cho- 
rusing will  be  even  greater  during  territorial 
encounters  because  of  increased  amounts  of 
singing  and  impaired  vigilance.  In  the  few 
cases  in  which  I was  able  to  closely  observe 
territorial  encounters,  I successfully  ap- 
proached the  wood-quail  to  within  a few  m 
without  being  detected.  Future  playback  stud- 
ies should  reduce  variation  in  the  amount  of 
signal  that  is  available  to  potential  predators 
from  one  playback  trial  to  the  next,  and  in- 
corporate a control  (i.e.,  recordings  of  silence 
or  other  sounds)  to  account  for  the  likelihood 
of  detecting  a predator  by  chance.  These  mod- 
ifications would  improve  the  estimate  of  the 
frequency  of  eavesdropping  and  confirm  its 
relative  importance  in  this  system. 
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RITUALIZED  AGGRESSION  AND  UNSTABLE  DOMINANCE  IN 
BROODS  OE  CRESTED  IBIS  (NIPPONIA  NIPPON) 

XINHAI  LI,'  DIANMO  LI,'  ZHIJUN  MA,^  TIANQING  ZHAI,^  AND 
HUGH  DRUMMOND^ 


ABSTRACT. — In  broods  of  Crested  Ibis  {Nipponia  nippon),  aggressive  dominance  was  unstable  over  time, 
even  within  feeding  sessions.  All  chicks  took  turns  pecking  aggressively  while  broodmates  hung  their  heads 
submissively,  although  roles  were  contested  at  the  start  of  feeding  bouts  when  chicks  were  11-17  days  old.  In 
all  broods,  at  least  half  of  all  pecks  were  false  pecks,  which  did  not  strike  broodmates  even  when  within  reach. 
False  pecks  seem  to  be  ritualized  displays  that  function  to  solicit  food  from  parents  and  possibly  to  threaten 
rivals.  Received  9 July  2002,  accepted  24  March  2004. 


We  describe  an  extraordinary  form  of  ago- 
nistic interaction  between  broodmates  of  the 
Crested  Ibis  {Nipponia  nippon),  a critically 
endangered  ciconiiform  (Liu  1981).  Aggres- 
sion among  altricial  broodmates  occurs  in  a 
variety  of  avian  taxa,  including  some  ibises, 
egrets,  raptors,  boobies,  anhingas,  guillemots, 
and  kingfishers  (reviews  in  Mock  1984,  Mock 
and  Parker  1997,  Drummond  2002).  Gener- 
ally, broodmate  hierarchies  are  formed 
through  pecking  and  biting  (review  in  Drum- 
mond 1999),  and,  in  species  where  siblicide 
is  facultative  (Lack  1947,  1954;  Ricklefs 
1965),  the  intensity  of  aggression  varies  with 
the  amount  of  food  provided  by  parents 
(Drummond  2001a,  2001b;  but  see  Mock  et 
al.  1987,  Forbes  and  Mock  1994).  Threatening 
postures  and  calls  are  common  (Drummond 
2001b),  but  no  species  has  been  reported  to 
show  ritualized  attacks  that  do  not  impact  the 
victim. 

The  Crested  Ibis  feeds  on  loaches,  eels,  lo- 
custs, and  freshwater  invertebrates,  including 
insects,  and  lays  two  to  four  eggs  in  a tree 
nest;  eggs  hatch  at  1-  to  2-day  intervals 
(Zheng  1973,  Li  and  Huang  1986).  Both  par- 
ents feed  the  chicks  by  regurgitation  until  the 
chicks  become  independent  at  about  age  70 
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days,  4 weeks  after  departure  from  the  nest. 
Because  of  food  competition,  broods  of  most 
ibis  species  are  facultatively  reduced  to  two 
fledglings  (Matheu  and  del  Hoyo  1992),  but 
brood  reduction  is  relatively  uncommon  in 
Crested  Ibis:  78.3%  of  hatchlings  fledge  (Zhai 
et  al.  2001),  compared  to  56%  ± 14.1  (SD) 
that  fledge  in  29  bird  species  with  parental 
feeding  and  a modal  clutch  size  greater  than 
one  (reviewed  by  Royle  et  al.  1999). 

We  recorded  ibis  behavior  at  hillside  nests 
in  Shaanxi  Province  (33°  18'  N to  33°  24'  N 
and  107°  23'  E to  107°  28'  E),  China.  Observ- 
ers sat  upslope  of  the  colony  at  vantage  points 
15-50  m away  from  nests  and  watched  broods 
through  a telescope  from  07:00-19:00  UTC 
+ 08.  Hatching  order  (a-chick,  b-chick,  and 
so  on)  was  evident  from  marked  differences 
in  body  size  that  persisted  throughout  the  nest- 
ling period  (as  in  the  Bald  Ibis,  Geronticus 
eremita;  Hirsch  1979).  In  1999,  we  recorded 
behavior  at  nest  9918,  where  two  broodmates, 
which  hatched  2 days  apart,  were  visible  from 
a vantage  point  30  m away.  We  observed  be- 
havior daily  between  hatching  and  fledging  41 
days  later,  recording  all  feeding  sessions  on 
video.  In  addition,  we  observed  seven  broods 
of  two,  three,  or  four  chicks  (n  = one,  five, 
one  broods,  respectively)  on  16  days  (2.7 
days/brood)  in  1997,  1998,  and  2000,  when 
broods  were  in  Stage  3 (>18  days  old). 

We  recorded  the  absolute  frequencies  of 
feeds  and  pecks.  During  each  parent’s  period 
of  nest  attendance,  it  typically  fed  the  brood 
in  a single  session  of  two  to  eight  regurgita- 
tions. Each  regurgitation  elicited  a bout  of 
chick  aggression  and  a single  feed.  A feed  was 
recorded  whenever  a chick  received  food  by 
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— Mutual  pecks  — Pecks  by  a-chick  Pecks  by  b-chick 


1 3 5 7 9 11  13  15  17  19  21  23  25  27  29  31  33  35  37  39  41 
Age  (days)  of  a-chick 

EIG.  1.  Rate  of  pecking  at  a Crested  Ibis  (Nipponia  nippon)  nest,  Shaanxi  Province,  China,  1999.  The  two 
chicks  (brood  9918)  pecked  at  similar  rates,  taking  turns  at  aggressive  pecking. 


inserting  its  bill  (usually  its  whole  head)  into 
the  parent’s  bill.  Pecks  included  any  rapid 
downward  thrust  of  the  head,  including  real 
pecks,  where  open  bill  tips  struck  the  brood- 
mate  (usually  on  the  head  or  nape),  diwd  false 
pecks,  where  no  target  was  struck  and  the 
downward  thrust  ended  at  the  nest  floor.  The 
two  categories  of  pecks  were  recorded  simply 
as  pecks  because  we  often  could  not  tell 
whether  a peck  was  real  or  false.  When  the 
chicks  at  nest  9918  were  aggressive  during  a 
bout  {mutual  pecking),  they  pecked  at  similar 
frequencies  and  it  was  difficult  to  count  all 
pecks;  thus,  we  counted  only  the  mutual  pecks 
of  the  more  visible  chick.  Pecking  frequencies 
of  brood  99 1 8 were  recovered  from  video  re- 
cordings, and  those  of  the  seven  broods  in 
Stage  3 were  recorded  using  a hand  counter. 
Video  recordings  were  transferred  from  tape 
to  Audio  Video  Interleave  files  using  a 
1 VideoKing^'^  video  compress  card  (Beijing 
' Kefa  Electronic  Co.  1997),  and  tho.se  files 
were  analyzed  using  Adobe  Premiere  5.0 
(Adobe  Creative  Team  1998). 

Development  of  aggression  and  feeding. — 
In  brood  9918,  we  categorized  development 
of  feeding  and  agonistic  behavior  into  three 
stages,  according  to  the  age  of  the  a-cfiick. 
During  Stage  I (0-10  days  old),  agonism  was 
absent.  During  Stage  2 (11-17  days  old),  ar- 
rival of  the  parent  at  the  nest  was  followed  by 
a bout  of  begging  and  mutual  peeking  until 
one  chick  (a  or  b)  submitted  by  hanging  its 
head  low,  whereupon  the  other  (aggressive) 


chick  pecked  for  several  seconds  and  the  par- 
ent offered  food  to  it.  Sometimes,  while  the 
chicks  were  exchanging  mutual  pecks,  the 
parent  offered  its  open  bill  to  one  of  them, 
which  then  fed.  After  submission  by  one 
chick,  the  other  chick  seemed  to  diminish  its 
attacks.  In  Stage  3 (18—41  days  old),  upon  ar- 
rival of  the  parent,  one  chick  (a  or  b)  started 
pecking  and  the  other  usually  responded  by 
hanging  its  head  submissively.  The  aggressive 
chick  then  begged  and  was  fed  one  or  more 
times,  all  the  while  continuing  to  peck  its  un- 
fed nestmate  unfil  the  latter  started  to  peck  the 
aggressive  chick  and  beg  for  food.  Then  the 
fed  chick  promptly  hung  its  head  submissive- 
ly, and  the  unfed  chick  received  the  next  feed- 
ing. 

Chicks  of  brood  9918  begged,  without  vo- 
calizing, by  raising  their  bills  and  repeatedly 
tapping  the  parent’s  bill.  Pecks  at  the  brood- 
mate  usually  were  accompanied  by  simulta- 
neous chirping,  which  occurred  in  no  other 
context  and  was  interpreted  as  a threat  call. 
Aggression  by  both  chicks  of  brood  9918  in- 
creased more  or  less  steadily  throughout  Stage 
2 and  during  the  first  10  days  of  Stage  3,  be- 
fore declining  steadily  o\er  the  last  15  days 
of  Stage  3 (Eig.  I).  Parents  pro\  ided  5.3  ± 
0.8  (SD)  feeding  sessions  per  day,  with  4.1  ± 
2.1  regurgitations  per  session.  Atlults  did  not 
obviously  interfere  in  broodmatc  aggression 
and  tended  to  Iced  whichever  chick  was  beg- 
ging. Ov  er  the  4 1 -day  nestling  period,  the  a- 
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chick  received  483  feeds  and  the  b-chiek  re- 
ceived 45 1 feeds. 

In  the  other  broods,  all  of  the  chicks 
showed  aggressive  pecking  on  every  day  of 
observation.  This  followed  the  pattern  of 
brood  9918  in  Stage  3,  with  chicks  taking 
turns  pecking  and  begging  while  their  brood- 
mates  hung  their  heads  submissively;  there 
was  no  clear  consistency  with  respect  to 
which  fed  hrst  or  more  frequently.  Whenever 
a chick  pecked,  it  pecked  at  all  of  its  brood- 
mates.  There  was  no  significant  difference  in 
the  daily  feeding  frequencies  of  a-chicks  and 
b-chicks  (13.7  ± 4.7  and  12.3  ± 3.6  feeds, 
respectively;  Wilcoxon  rank  sum  test,  Z = 
0.93,  P = 0.35,  two  tailed,  n = 7)  or  of  a- 
chicks,  b-chicks,  and  c-chicks  (12.3  ± 1.2, 
12.1  ±2.8,  and  1 1 .4  ± 3.3  feeds,  respectively; 
Kruskal-Wallis  test,  x"  = 1.31,  P = 0.52,  n = 
6). 

Dominance. — Dominance  oecurred  when 
one  chick  was  aggressive  and  the  other  adopt- 
ed a submissive  posture.  Although  a chick  of- 
ten dominated  its  broodmate  briefly,  domi- 
nance between  chicks  was  unstable  over  time, 
even  within  feeding  sessions.  In  brood  9918, 
over  the  41 -day  nestling  period,  the  a-chick 
pecked  its  broodmate  53.6  ± 39.4  times  a day, 
versus  59.5  ± 48.5  pecks  by  the  b-chick  (ex- 
cluding mutual  pecking).  In  Stage  2,  neither 
chick  tended  to  dominate  first  and  get  the  first 
feeding.  Sometimes  when  the  b-chick  was 
pecking  aggressively  and  about  to  be  fed,  the 
a-chick  rose  up  and,  using  its  superior  height, 
intercepted  the  feed.  In  Stage  3,  chicks  were 
only  fed  while  temporarily  dominant,  and  sim- 
ilar feeding  rates  of  the  a-chick  and  the  b- 
ehiek  (XL  unpubl.  data)  reflect  similar  fre- 
quencies of  temporary  dominance  by  the  two 
broodmates.  In  most  feeding  sessions  a single 
chick  maintained  dominance  throughout,  but 
suceessive  dominance  was  also  eommon. 
Thus,  in  Stage  3,  68%  of  the  a-ehick’s  152 
feeds  were  obtained  in  sessions  where  the  a- 
chick  dominated  throughout  or  initially,  and 
32%  in  sessions  where  the  b-chick  dominated 
initially;  for  the  b-chick’s  171  feeds,  the  b- 
chick’s  corresponding  values  were  64  and 
36%,  respectively. 

Similar  absence  of  stable  dominanee  ap- 
peared to  be  the  rule  in  all  dyads  of  the  seven 
broods  observed  in  Stage  3.  For  each  brood 
we  calculated  the  mean  number  of  times  each 


chick  pecked  its  broodmates.  The  a-chieks  and 
b-chicks  (all  broods)  did  not  differ  (86.8  ± 
36.2  and  78.3  ±31.4  pecks/day,  respectively; 
Wilcoxon  rank  sum  test,  Z = 0.886,  P — 0.38, 
two  tailed  n ■=  7).  The  a-chiek,  b-chick,  and 
c-chick  of  each  brood  did  not  differ  either 
(81.9  ± 25.0,  72.6  ± 21.5,  and  73.1  ± 23.6 
pecks/day,  respectively;  Kruskal-Wallis  test, 
X"  = 2.02,  P = 0.36,  n - 6). 

False  pecks. — False  pecks  included  the 
threat  call  and  frequently  passed  within  cen- 
timeters of  the  broodmate,  but  they  also  oe- 
curred when  the  broodmate  was  out  of  range. 
Despite  the  victim  being  immediately  in  front, 
the  aggressor  directed  pecks  toward  its  own 
flanks,  to  one  side  and  then  the  other,  clearly 
avoiding  the  easy  target  (which  might  be 
standing  with  head  lowered  in  submission) 
and  striking  nothing.  False  pecks  occurred  in 
all  eight  focal  broods,  and  they  appeared  to 
represent  roughly  60-70%  of  total  pecks  in 
brood  9918  and  more  than  half  of  total  pecks 
in  each  of  the  other  seven  broods.  During  mu- 
tual peeking,  false  pecks  decreased  to  <10% 
of  total  pecks.  False  pecks  occurred  in  Stages 
2 and  3,  usually  after  ordinary  begging  failed 
to  elicit  parental  feeding.  They  could  occur  in 
the  absence  of  genuine  pecks  at  the  brood- 
mate, but  they  were  almost  invariably  per- 
formed by  the  chick  that  currently  dominated 
its  broodmate.  After  fledglings  departed  the 
nest,  real  pecks  were  rare  because  victims 
promptly  fled.  False  pecking  continued  during 
the  next  4 weeks  (when  parental  feeding  was 
supplemented  by  attempts  at  self-feeding), 
even  when  the  broodmate  was  out  of  sight. 
Like  begging  and  real  pecking,  false  pecking 
never  occurred  in  the  absence  of  a parent,  and 
when  false  pecks  occurred,  parents  offered 
food  exelusively  to  the  aggressor. 

False  pecking  appears  to  be  a ritualized 
form  of  real  pecking,  and  both  forms  of  peck- 
ing may  elicit  parental  feeding.  Originally,  se- 
lection may  have  favored  parents  feeding  ag- 
gressors, either  because  dominant  chicks  are 
more  worthy  of  investment  or  because  ap- 
peasing aggressors  is  a way  of  protecting  their 
broodmates  (when  aggression  is  food  depen- 
dent, Drummond  2001a).  In  either  scenario, 
the  door  would  be  open  for  the  evolution  of 
signal  funetion:  parental  feeding  could  be  elic- 
ited initially  by  aggressive  pecking  and  sub- 
sequently by  false  pecking.  For  the  aggressor. 
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the  advantage  of  using  false  pecks  over  real 
pecks  may  be  that  false  pecks  do  less  physical 
harm  to  the  (long-  and  sensitive-billed)  ag- 
gressor itself  or  to  its  sibling  broodmate. 
Hence,  false  pecks  could  be  more  effective 
than  ordinary  begging  for  inducing  regurgi- 
tation and  ensuring  feeding  priority,  and  less 
costly  than  real  pecks  to  the  aggressor’s  in- 
dividual and  inclusive  fitness. 

Selection  on  parents  to  discriminate  false 
pecks  from  real  pecks  would  not  necessarily 
result  in  parents  declining  to  respond  to  false 
pecks.  Discriminating  parents  could  simply 
devalue  the  signal,  responding  to  false  pecks 
less  than  to  real  pecks  (but  more  than  to  or- 
dinary begging).  Additionally,  false  pecking 
could  be  an  especially  potent  signal  if  it  also 
warns  that  violence  will  follow  if  food  is  not 
forthcoming  or  goes  to  the  rival;  it  could  deter 
rivals  from  begging,  or  blackmail  parents  into 
preferentially  feeding  the  signaler.  In  brood 
9918  at  Stage  2,  it  seemed  that  whenever  one 
chick  begged  during  its  broodmate’s  false 
pecking  the  broodmate  responded  by  attacking 
more  intensely,  with  real  pecks. 

False  pecking  may  be  associated  with  the 
Crested  Ibis’s  unusual  system  of  unstable 
broodmate  dominance.  Other  aggressive 
brood  reducers  frequently  attack  even  when 
food  is  not  offered  (Mock  and  Parker  1997), 
using  real  pecks  to  train  broodmates  into  more 
permanent  subordination  (Drummond  2001b). 
For  whatever  reason.  Crested  Ibis  chicks  ap- 
parently attack  only  to  secure  immediate  feed- 
ing priority,  which  may  not  require  intense 
and  extended  violence. 

Ultimately,  false  pecking  may  be  related  to 
the  favorable  ecological  prospects  of  Crested 
Ibis  broods,  in  which  all  young  ordinarily 
Hedge  (Zhai  et  al.  2001).  Because  junior 
chicks  do  not  usually  face  severe  food  short- 
age, they  may  pose  only  a negligible  compet- 
itive threat  to  the  survival  of  a-chicks,  and  as 
a consequence,  a-chicks  may  be  especially  tol- 
erant of  them  (Drummond  et  al.  2003).  In 
Bald  Ibis  broods,  however,  frequent  brood  re- 
duction signifies  more  severe  food  shortage 
(although  chicks  show  successive  dominance 
within  feeding  bouts,  similar  to  the  Chested 
Ibis);  in  this  case,  the  order  of  dominance  ex- 
pression and  access  to  food  is  dictated  by  a 
stable-dominance  hierarchy  and  false  pecking 
does  not  occur  (llirsch  1979,  Oliver  et  al. 


1979,  Pegoraro  and  Thaler  1993,  Tuckova 
1999,  Ros  et  al.  2001). 
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Incubation  Period  and  Behavior  at  a Bar-tailed  Godwit  Nest 


David  J.  T.  Husselh’^ 


ABSTRACT. — Several  standard  references  report 
the  incubation  period  of  the  Bar-tailed  Godwit  (Lirnosa 
lapponica)  as  20-21  days,  but  the  source  of  those 
statements  is  unclear  and  may  be  based  on  speculation. 
Here,  I report  an  incubation  period  at  a nest  in  Alaska 
that  was  estimated  to  be  between  21.7  and  23.8  days. 
This  is  consistent  with  incubation  periods  of  three  oth- 
er species  of  godwit,  which  are  reported  to  be  22-26 
days.  At  the  Alaskan  nest,  both  sexes  incubated  and 
would  not  flush  until  approached  within  about  0.6  m. 
No  special  displays  were  observed  when  the  male  re- 
lieved the  female  at  the  nest.  The  chicks  departed  the 
nest  when  less  than  1 day  old.  Received  28  October 
2003,  accepted  10  June  2004. 


According  to  McCaffery  and  Gill  (2001), 
the  incubation  period  of  the  Bar-tailed  Godwit 
I {Lirnosa  lapponica)  is  20  to  21  days.  Those 
authors  cite  Cramp  and  Simmons  (1983)  as 
their  source.  Cramp  and  Simmons  (1983:479) 
state:  “Incubation.  20-21  days.  By  both  sex- 
es but  S said  to  take  major  share  (Witherby 
et  al.  1940).”  If  their  source  for  the  incubation 
period  was  Witherby  et  al.  (1940),  then  the 
20—21  day  period  may  be  questioned.  With- 
erby et  al.  (1940:157)  give  the  incubation  pe- 
riod as  “about  3 weeks,  but  not  definitely 
known.” 

Both  sexes  incubate,  but  there  is  conflicting 
' information  on  which  sex  incubates  most  by 
day  and  night,  and  there  is  little  information 
. on  changeover  activities  or  on  timing  of  de- 
I parture  of  chicks  from  the  nest  (McCaffery 
' and  Gill  2001).  Here,  1 report  observations  on 
the  incubation  period  and  behavior  of  Bar- 
I tailed  Godwits  at  a nest  near  Hooper  Bay, 

I Alaska. 

In  1960,  R.  G.  B.  Brown,  N.  G.  Blurton- 
[ Jones,  and  I spent  approximately  3 months 
(early  May  to  fiiid-August)  in  the  vicinity  of 


' Wildlife  Research  anti  Development  .Section.  Oti- 
tario  Ministry  ot  Natural  Resources.  300  Water  .St.. 
Peterborough.  ON  KO.I  8M5.  Ganatla. 

’Current  atklress:  34  (’arr  Place.  Kanata.  ON  K2K 
1 K7.  Canada;  e-mail:  tlavitl.hussell6'mnr.gov.on.ca 


Hooper  Bay,  Alaska  (61°  35'  N,  166°  05'  W). 
We  kept  detailed  records  of  all  nests  that  we 
found  and  deposited  them  with  the  Alaska 
Nest  Records  Scheme  at  the  University  of 
Alaska  Museum  in  Fairbanks. 

Male  and  female  Bar-tailed  Godwits  were 
easily  distinguished  when  off  the  nest  by  the 
color  of  the  underparts:  mostly  rufous-brown 
in  the  male  and  light  gray-brown  to  white  in 
the  female.  In  the  pair  that  we  observed,  the 
male  was  also  noticeably  smaller  than  the  fe- 
male. 

Our  first  observation  of  a Bar-tailed  Godwit 
occurred  on  22  May  at  18:00  AKST  (subtract 
2 hr  4 min  to  calculate  Mean  Solar  Time), 
when  we  flushed  a female  off  a nest  contain- 
ing three  eggs.  Although  scattered  pairs  of 
Bar-tailed  Godwits  were  seen  throughout  the 
area,  we  found  no  other  nests.  Our  next  visit 
to  the  nest  was  at  16:00  on  31  May,  when  we 
did  not  flush  the  incubating  bird  or  determine 
its  sex.  On  1 June  at  15:45,  we  flushed  the 
male  from  the  nest  and  found  that  it  contained 
four  eggs.  On  13  June  at  13:00,  we  noted  that 
all  four  eggs  were  “just  cracked.”  On  14  June 
at  15:00,  the  eggs  were  pipping  “with  one  bill 
through”  the  shell  of  one  of  the  eggs;  at 
22:00  that  evening  we  found  two  newly 
hatched  young  and  two  eggs.  On  15  June  at 
12:30,  all  four  young  were  leaving  the  nest, 
with  the  female  brooding  them  and  the  male 
standing  guard  nearby.  Therefore,  the  fourth 
egg  hatched  between  22:00  on  14  June  and 
12:30  on  15  June.  When  the  young  departed 
the  nest,  the  oldest  and  youngest  chicks  had 
been  out  of  the  egg  for  <22.5  and  <14.5  hr. 
respectively. 

We  observed  the  male  incubating  on  live 
occasions,  al  the  following  limes:  15:45. 

19:00.  19:00  (relieving  the  female,  sec  below). 
20:45.  aiul  22:00  (with  two  newly  hatched 
chicks  and  two  eggs):  mean  = 19:18.  fhe  fe- 
male was  seen  on  the  nest  on  seven  occasions: 
13:00.  14:00.  15:00.  17:00.  18:00  (with  three 
eggs).  19:00  (relieved  by  male)  and  19:30: 
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mean  = 16:30.  Neither  bird  left  the  nest  until 
we  approached  within  about  0.6  m.  Our  ob- 
servations were  not  randomly  distributed 
throughout  the  day,  so  it  is  not  possible  to 
conclude  that  one  or  the  other  sex  took  the 
larger  share  of  incubation  during  specific 
hours,  but  they  do  indicate  that  the  male  was 
often  found  on  the  nest  in  the  evening  and  the 
female  more  frequently  earlier  in  the  day. 

I watched  the  Bar-tailed  Godwit  nest  from 
a blind  for  >2  hr  during  the  afternoon  of  1 1 
June  and  recorded  the  incubating  birds  on  16 
mm  movie  film.  Initially,  the  female  was  in- 
cubating. She  spent  much  of  her  time  alert 
with  her  head  partially  or  fully  raised.  At 
20:00  the  male  relieved  her.  As  he  walked 
slowly  toward  the  nest,  the  female  called  brief- 
ly and  crouched  low.  He  approached  to  within 
a few  cm  before  she  rose  and  flew  directly 
from  the  nest.  The  male  then  settled  on  the 
eggs,  facing  in  the  opposite  direction  to  the 
female’s  previous  position.  His  subsequent  be- 
havior was  similar  to  that  of  the  female,  alert 
with  head  raised. 

The  laying  intervals  of  the  Bar-tailed  God- 
wit,  the  Marbled  Godwit  (Limosa  fedoa),  and 
the  Hudsonian  Godwit  {Limosa  haemastica) 
are  unknown  (Hagar  1966,  Gratto-Trevor 
2000,  McCaffery  and  Gill  2001,  Elphick  and 
Klima  2002),  but  in  the  Black-tailed  Godwit 
{Limosa  limosa)  the  interval  is  1-2  days  (24- 
45  hr)  with  a clutch  of  four  usually  taking  5 
days  to  complete  (Cramp  and  Simmons  1983). 
Assuming  that  the  laying  interval  in  the  Bar- 
tailed Godwit  is  approximately  1.5  days,  the 
fourth  egg  in  our  nest  was  laid  between  18:00 
on  22  May  and  06:00  on  24  May.  These  times 
indicate  that  the  incubation  period  from  laying 
to  hatching  for  the  fourth  egg  was  between  21 
days  16  hr  and  23  days  18.5  hr.  The  mid-point 
of  the  range,  22  days  17.3  hr,  is  an  estimate 
of  the  most  probable  length  of  the  incubation 
period  in  this  nest,  given  the  preceding  as- 
sumptions. If  the  laying  interval  was  longer 
than  1 .5  days  and  the  female  had  laid  her  third 
egg  shortly  before  we  found  the  nest,  the  in- 
cubation period  may  have  been  shorter  than 
21  days  16  hr,  but  this  seems  unlikely. 

My  estimate  of  the  minimum  incubation  pe- 
riod for  this  nest  (21.7  days)  is  longer  than  the 
20—21  days  cited  by  Cramp  and  Simmons 
(1983)  and  McCaffery  and  Gill  (2001).  How- 


ever, the  latter  period  may  be  inaccurate  if  it 
is  based  on  the  speculative  estimate  of  With- 
erby  et  al.  (1940).  My  mean  and  maximum 
estimates  (22.7  days  and  23.8  days,  respec- 
tively) are  within  the  ranges  reported  for  other 
godwit  species:  Black-tailed  Godwit,  22-24 
days  (Cramp  and  Simmons  1983);  Hudsonian 
Godwit,  23.5  days  in  one  nest  (Jehl  and  Hus- 
sell  1966);  Marbled  Godwit,  little  information 
but  23-24  days  in  one  nest  and  “normally  24- 
26  d (M.  Ryan  unpubl.  data)”  (Gratto-Trevor 
2000:13).  It  seems  likely  that  the  normal  in- 
cubation period  of  the  Bar-tailed  Godwit  is 
longer  than  20-21  days  and  is  probably  usu- 
ally within  the  22-24  day  range,  as  indicated 
for  the  nest  reported  here. 
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Carnivorous  Canada  Geese 


Joseph  R.  Jehl,  JrJ 


ABSTRACT. — Geese  are  normally  herbivorous.  I 
report  an  instance  of  Canada  Geese  {Branta  canaden- 
sis) feeding  on  alkali  flies  (Ephydra  Mans)  at  hyper- 
saline Mono  Lake,  California.  The  bout  was  brief  and 
possibly  represented  exploratory  behavior  by  inexpe- 
rienced birds.  Received  22  December  2003,  accepted 
25  May  2004. 


Because  geese  are  grazers  and  only  rarely 
depart  from  their  herbivorous  diet,  observa- 
tions of  their  deliberate  ingestion  of  animal 
matter  are  unusual.  On  9 October  2003,  at 
Mono  Lake,  California,  I encountered  seven 
Canada  Geese  {Branta  canadensis)  and  three 
Greater  White-fronted  Geese  (Anser  albifrons) 
standing  in  a loose  group  on  the  upper  beach, 
about  20  m from  the  water.  Along  the  shore 
were  a few  Northern  Shovelers  {Anas  clypea- 
ta)  and  Green-winged  Teal  {A.  crecca).  The 
geese  were  resting,  but  shortly  four  of  the 
Canadas  began  slogging  through  knee-deep 
mud  toward  the  shore,  where  adult  alkali  flies 
{Ephydra  hians)  had  formed  a thick  mat.  They 
then  began  to  feed  by  orienting  their  bills  par- 
allel to  the  ground  and  scooping  flies  from  the 
surface.  The  shovelers  were  doing  the  same  at 
the  water’s  edge,  while  the  other  Canada 
Geese  and  the  White-fronted  Geese  showed 
no  interest.  As  the  day  was  cool,  the  flies  were 
sluggish  and  could  be  captured  easily.  The 
geese  fed  leisurely  for  about  5 min,  then  re- 
turned to  the  upper  beach  and  went  to  sleep. 
There  was  no  doubt  regarding  their  behavior; 
I could  see  Hies  being  captured  and  ingested. 
Furthermore,  the  mudflats  were  devoid  of  veg- 
etation; there  was  nothing  else  to  consume. 

Alkali  Hies  are  abundant  on  the  shores  of 
hypersaline  lakes  and  constitute  a major  food 
for  California  Gulls  {Earns  californicns). 
Eared  Grebes  {Bodiccps  nif^rico/lis),  Wilson's 
Phalaropcs  {Idialaropns  tricolor),  Red-fieckcd 
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Phalaropes  {P.  lobatns),  and  some  ducks  (Jehl 
1988;  JRJ  pers.  obs.),  but  they  are  ignored  by 
geese.  In  more  than  2 decades  of  observations 
at  saline  lakes,  I have  never  seen  any  similar 
behavior.  Indeed,  reports  of  geese  eating  ani- 
mal matter  anywhere  are  exceptional,  and  the 
degree  to  which  the  few  observations  pertain 
to  foods  that  might  have  been  selected  delib- 
erately is  open  to  question.  Cottam  et  al. 
(1944:45)  noted  that  animal  food  was  occa- 
sionally found  in  the  gizzards  of  Brant  {Bran- 
ta bernicla),  but  thought  that  it  was  probably 
“taken  accidentally  or  incidentally.”  Subse- 
quently, Bayer  (1980)  showed  that  Brant  in 
Oregon  took  advantage  of  herring  {Clupea 
harengus)  spawns  and  fed  deliberately  on  the 
eggs  that  were  attached  to  vegetation,  and 
Emperor  Geese  {Chen  canagica)  frequently 
feed  on  mollusks  (Peterson  et  al.  1994).  Can- 
ada Geese,  however,  are  almost  exclusively 
herbivorous  (Owen  1980,  Mowbray  et  al. 
2002).  Although  other  observers  (e.g.,  Mick- 
elson  1975:22;  J.  S.  Sedinger  pers.  comm.) 
have  reported  goslings  of  Cackling  Canada 
Geese  {B.  c.  minima)  feeding  opportunistically 
on  small  flying  insects,  that  behavior  probably 
represents  environmental  sampling. 

The  observations  on  Brant  differ  from  mine 
on  Canada  Geese  in  that  Brant  had  learned  to 
exploit  a source  of  animal  food  (fish  eggs)  that 
was  available  only  sporadically.  Eurther,  they 
fed  heavily  and  in  large  groups  (maximum  36 
individuals),  and  relished  eggs  to  the  extent  of 
pulling  them  from  the  bills  of  other  species 
(Bayer  1980).  Presumably  the  eggs  provided 
the  Brant,  and  mollusks  provided  the  Eanperor 
Geese,  with  significant  nutrition.  In  contrast, 
both  migrating  and  breeding  C'anada  Geese  at 
Mono  Ixike  ignore  alkali  flies,  even  though 
they  are  predictable,  available,  and  abundant 
through  much  of  the  year.  FAidently,  geese 
found  the  flies  unpalatable  because  they  fed 
on  them  briefly  aiul  without  gusto,  and  the 
amount  ingested  could  not  have  contributed 
much  to  their  dietary  recjuirements.  At  Great 
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Salt  Lake,  Utah,  alkali  flies  and  waterfowl  are 
far  more  abundant  than  at  Mono  Lake.  Yet,  1 
know  of  no  reports  of  geese  eating  flies  there 
or  at  any  other  saline  lakes.  I suspect  that  my 
observations  were  based  on  exploratory  be- 
havior by  inexperienced  juvenile  geese. 
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Intraspecific  Pre(iation  among  Northwestern  Crows 

Erik  M.  Andersen'’^ 


ABSTRACT — Cannibalism  is  uncommon  in  birds, 
and  instances  of  adults  killing  and  eating  other  adults 
are  especially  rare.  Cases  of  intraspecific  predation 
among  passerines  constitute  a very  small  percentage 
of  published  reports,  and  many  of  the  cases  are  based 
on  circumstantial  evidence.  In  July  2001,  I witnessed 
a group  of  Northwestern  Crows  {Con  us  caurinus)  kill 
and  consume  a conspecific  adult  in  Olympic  National 
Park,  Washington.  I am  aware  of  no  other  published 
reports  of  adult-adult  cannibalism  for  this  species  or 
the  Corvidae  family.  Received  3 November  2003,  ac- 
cepted 27  April  2004. 


Reports  of  cannibalism  in  which  wild  birds 
kill  and  consume  conspecifics  are  uncommon; 
most  instances  have  involved  predation  of 
eggs  or  young  by  adults  (Stanback  and  Koenig 
1992).  Intraspecific  predation  among  adult 
birds  is  especially  rare  and  has  been  reported 
for  only  four  species:  Common  Moorhen 
{Gcillinulci  chloropiis\  Cawston  1983),  Great 
Gray  Owl  (Strix  nebulosa;  Fisher  1975),  Red- 
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tailed  Hawk  {Biiteo  jamaicensis',  Clevenger 
and  Roest  1974),  and  White  Wagtail  {Motci- 
cilla  alba\  Joslin  1964).  Other  than  the  White 
Wagtail  report,  I found  no  accounts  of  adult 
passerines  killing  and  eating  conspecific 
adults.  Here,  I describe  my  observation  of  a 
group  of  Northwestern  Crows  {Cotx’us  caiiri- 
nus)  killing  and  consuming  another  adult. 

The  event  described  below  occurred  on  9 
July  2001  near  Tolbock  Point  in  Olympic  Na- 
tional Park,  Washington.  At  09: 10  PST  I heard 
a commotion  in  the  forest  approximately  30 
m from  the  beach.  A flock  of  about  15  North- 
western Crows  were  making  loud  and  contin- 
ual vocalizations  similar  to  the  mobbing  call 
and  dive-attack  call  described  by  Verbeek  and 
Butler  ( 1999). 

Initially,  I thought  the  flock  was  mobbing  a 
predator,  and  I approached  the  group  to  in- 
vestigate; at  a distance  of  approximately  20 
m,  however,  I saw  that  the  flock  was  mobbing 
another  Northwestern  Crow  perched  on  a 
branch  about  3 m off  the  ground.  I witnessed 
several  crows  swoop  at  the  victim  before  one 
aggressor  made  hard  physical  contact  and  the 
two  birds  tumbled  to  the  ground.  From  my 
position  I watched  as  different  members  of  the 
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flock  took  turns  swooping  down  to  where  the 
vietim  had  fallen.  Eaeh  aggressor  stayed  on 
the  ground  for  only  2-3  see  before  flying  back 
j to  a perch  and  being  replaced  by  another  ag- 
j gressor.  Occasionally  more  than  one  aggressor 
was  present  on  the  ground  at  the  same  time, 
but  for  the  most  part,  members  of  the  flock 
took  turns  mobbing  the  victim. 

My  view  of  activities  on  the  ground  was  ob- 
scured by  the  undergrowth,  so  after  approxi- 
I mately  3 min  of  observing  the  mobbing,  I ap- 
proaehed  the  seene  for  a closer  look.  As  1 
neared  the  victim,  the  aggressors  retreated  to 
adjaeent  perehes,  but  continued  their  raucous 
calling.  The  victim  was  splayed  on  its  back 
with  wings  spread  and  feet  in  the  air.  The  crow 
was  breathing  heavily  and  following  my  move- 
ments with  its  eyes,  but  it  made  no  attempt  to 
flee  as  1 approached.  Other  than  lost  feathers, 

I the  only  visible  injury  was  a large  laeeration 

I on  the  right  leg.  The  presence  of  a metallic 
gloss  on  the  feathers  of  the  head,  throat,  and 

II  breast  indicated  that  the  victim  was  not  a ju- 
venile, but  either  an  immature  or  adult  bird. 

' 1 returned  to  my  original  point  of  observa- 

I tion  and  the  attacking  group  promptly  re- 
sumed the  mobbing.  After  20  min,  the  activity 
I began  to  decline  substantially,  and  after  an- 
other 10  min  1 approached  the  vietim  again. 
. The  crow  was  dead  and  the  body  cavity  was 
^ empty.  Because  no  tissue  was  found  around 


the  eareass,  it  seemed  evident  that  the  attaek- 
ing  crows  consumed  the  victim  on  the  ground 
during  the  attack  or  carried  parts  of  the  victim 
away  from  the  scene. 

Intraspecific  predation  among  adult  birds 
has  been  well  doeumented  in  eaptive  birds, 
espeeially  domestic  hens,  pheasants,  and  tur- 
keys, and  is  thought  to  be  correlated  with  the 
stressful  eonditions  associated  with  captivity. 
Although  rarely  reported,  the  oeeurrence  of 
adult-adult  cannibalism  in  wild  birds  may  not 
be  unnatural,  and  could  occur  in  response  to 
stress,  competition,  or  opportunity. 

LITERATURE  CITED 

Cawston,  J.  M.  1983.  One  moorhen  killing  and  eating 
another.  British  Birds  76:451. 

Clevenger,  G.  A.  and  A.  I.  Roest.  1974.  Cannibalism 
in  Red-tailed  Hawk.  Auk  91:639. 

Fisher,  B.  M.  1975.  Possible  intra-specific  killing  by 
a Great  Gray  Owl.  Canadian  Field-Naturalist  89: 
71-72. 

JosLiN,  D.  1964.  Male  Pied  Wagtail  killing  another  and 
persistently  attacking  the  corpse.  British  Birds  57: 
329-330. 

Stanback,  M.  T.  and  W.  D.  Koenig.  1992.  Cannibal- 
ism in  birds.  Pages  277-298  in  Cannibalism:  ecol- 
ogy and  evolution  among  diverse  taxa  (M.  A.  El- 
gar and  B.  J.  Crespi,  Eds.).  Oxford  University 
Press,  New  York. 

Verbeek,  N.  a.  M.  and  R.  W.  Butler.  1999.  North- 
western Crow  {CorvLis  conrinns).  The  Birds  of 
North  America,  no.  407. 


Wilson  Bulletin,  1 16(2),  2004,  pp.  181-184 

White-winged  Crossbills  Obtain  Forage  from  River  Otter  Feces 

Daniel  Gallant' 


ABSTRACT — Instances  of  coprophagy  by  birds  are 
rare  in  comparison  to  coprophagy  by  other  animals 
such  as  mammals  and  insects.  Here,  I report  on  White- 
winged Crossbills  (Loxia  leucoptera)  obtaining  forage 
from  river  otter  (Lontra  canadensis)  feces  in  Kouchi- 
bouguac  National  Park.  New  Brunswick.  C'anada.  In 
sequence,  two  male  White-winged  C’rossbills  landed 
on  a scat,  pecked  at  it.  and  ingested  small  pieces  betbre 
flying  away.  The  birds  may  have  been  feetling  on  fish 
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bones  or  undigested  fish  present  in  the  feces.  Received 
2H  October  2()()d,  accepted  H July  2004. 


Whilc-wiiigctl  C'ros.sbills  (Loxia  leucoptera) 
mostly  feed  on  seeds  ot  spruce  (Pieett  spp.). 
tamarack  (Larix  Uuieina),  anti  sometimes  lir 
(Abies  spp.;  Benkman  1987).  When  preferred 
seeds  are  scarce,  they  choose  alternative 
footls.  siieh  tis  seetls  from  other  conifers,  de- 
eidiiotis  trees,  anti  grasses,  as  well  as  tree 
biitls.  insects,  ttr  spitlers  (Benkman  1992). 
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Crossbills,  predominantly  the  Red  Crossbill 
{Loxia  cunirostra),  have  been  observed  in- 
gesting a great  variety  of  rather  odd  items 
when  supplementing  their  diet.  Though  data 
from  captive  Red  Crossbills  suggest  that  salt 
is  not  required  in  greater  quantity  than  that 
found  in  their  usual  diet  (Dawson  et  al.  1965), 
these  birds  regularly  consume  salt  at  various 
mineral  sources  in  the  environment.  They 
have  been  observed  obtaining  salt  by  ingest- 
ing de-icing  salt  and  sand  spread  on  roads  in 
winter  (Lawrence  1982,  Benkman  1992,  Tozer 
1994),  mud  in  roadside  pools  (Tozer  1994), 
dog  urine  on  snow  (Manville  1941,  Lawrence 
1949),  blocks  of  sulfurized  salt  kept  for  horses 
(Marshall  1940),  and  remains  left  from  salt- 
pork  barrels  (Fisher  1888).  They  also  have 
been  readily  attracted  to  saltlicks  established 
by  experimenters  (Lawrence  1949,  Bleitz 
1958,  Bennetts  and  Hutto  1985)  and  even  by 
people  harvesting  them  as  a food  source  for 
subsistence  (Fisher  1888).  They  can  be  ap- 
proached easily  when  foraging  for  salt;  Speirs 
(1985)  observed  them  at  his  feet  at  a salt  lick. 

In  addition  to  salt,  crossbills  are  also  at- 
tracted to  sources  of  calcium.  Observations  of 
crossbills  at  calcium  sources  include  calcium 
salts  from  cliff  faces  of  andesite  or  pumice 
(Aldrich  1939),  calcium  chloride  spread  on  a 
road  (Meade  1942),  fragments  of  calcium  car- 
bonate from  a wall  (Sainsbury  1978),  putty 
from  windows  (Watson  1955),  bleached  deer 
bones  (Baily  1953),  and  bone  fragments  from 
carnivore  feces  (Payne  1972).  Crossbills  also 
have  been  observed  ingesting  bits  of  charcoal 
(McMillan  1948),  coal  ashes  (Lawrence 
1949),  and  wood  ashes  (Tozer  1994).  It  is  un- 
clear whether  the  ash  consumed  in  these  in- 
stances is  calcium-rich,  as  was  the  case  for 
Ficken’s  (1989)  observation  of  the  same  be- 
havior exhibited  by  Boreal  Chickadees  (Poe- 
cile  hudsonica).  Lawrence’s  (1949)  observa- 
tions suggest  that  crossbills  were  probably  at- 
tracted to  coal  ashes  because  salt  had  been 
thrown  on  them. 

Crossbills  are  also  known  to  ingest  grit  to 
help  their  digestion.  They  obtain  it  from  var- 
ious sources,  such  as  the  bases  of  uprooted 
trees  (Benkman  1992),  road  cuts  (Benkman 
1992),  mortar  from  stone  chimneys  and  walls 
(Lawrence  1949,  Bartlett  1976,  Susie  1981, 
Tozer  1994),  clay  from  the  chinking  in  log 
houses  (Nuttall  1903),  or  directly  from  the  soil 


(Nuttall  1903).  Tozer  (1994)  interpreted  that 
crossbills  may  also  consume  mortar  for  its  cal- 
cium content.  Another  unusual  observation  is 
that  of  Red  Crossbills  being  attracted  to  soapy 
dishwater  (Lawrence  1949).  Only  Benkman’s 
(1992)  and  Meade’s  (1942)  observations  (cit- 
ed above)  concern  the  White-winged  Cross- 
bill. 

Coprophagy  is  not  unusual  among  mam- 
mals (van  der  Wal  and  Loonen  1998,  Hiraka- 
wa  2001)  and  insects  (Hendrichs  and  Hen- 
drichs  1990),  but  is  rare  in  birds.  Pale-faced 
Sheathbills  (Chionis  alba),  for  example,  read- 
ily feed  on  pinniped  feces  (Favero  1996),  and 
one  Wilson’s  Storm-Petrel  (Oceanites  ocean- 
icus)  was  observed  feeding  on  feces  of  North 
Atlantic  right  whales  {Eubalaena  glacialis; 
Krauss  and  Stone  1995).  The  only  two  pre- 
vious accounts  of  crossbill  coprophagy  in- 
clude Red  Crossbills  ingesting  bones  from 
carnivore  feces  (Payne  1972)  and  a young 
Scottish  Crossbill  {Loxia  scotica)  feeding  its 
sibling  seeds  obtained  from  feces  (Nethersole- 
Thompson  and  Whitaker  1984).  These  obser- 
vations are  not  examples  of  coprophagy  in  the 
strictest  sense,  however,  since  no  actual  di- 
gested fecal  matter  was  ingested.  Here,  I re- 
port on  two  White-winged  Crossbills  obtain- 
ing forage  from  river  otter  (Lontra  canaden- 
sis) feces.  Observations  were  recorded  in  Ko- 
uchibouguac  National  Park  in  eastern  New 
Brunswick,  Canada  (46°  47'  N,  65°  01'  W). 
The  region  is  part  of  New  Brunswick’s  low- 
lands, where  the  majority  of  forested  areas  are 
mixed,  dominated  by  balsam  fir  {Abies  bal- 
samea)  and  birch  (Betula  spp.),  or  coniferous 
and  dominated  by  black  spruce  (Picea  mari- 
ana\  Graillon  et  al.  2000). 

On  7 March  2003  at  15:03  AST,  while  con- 
ducting shoreline  transects  for  river  otter,  I ob- 
served two  male  White-winged  Crossbills 
perched  in  a balsam  fir  near  a river  otter  bur- 
row. From  a distance  of  5 m,  I watched  one 
of  the  crossbills  fly  to  an  otter  scat  near  the 
burrow  and  peck  at  the  scat  and  ingest  small 
pieces.  After  approximately  30  sec,  the  cross- 
bill flew  to  a nearby  tree;  the  second  crossbill 
then  landed  on  the  same  scat  and  pecked  at 
and  ate  bits  of  the  scat  for  <10  sec  before 
flying  away.  My  close  proximity  enabled  con- 
firmation of  ingestion.  Subsequent  inspection 
of  the  scats  confirmed  that  they  were  fresh. 
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unfrozen  otter  scats  that  contained  several 
items  of  undigested  fish  flesh. 

River  otter  defecation  often  results  in  large 
amounts  of  fecal  matter  concentrated  in  otter 
latrines  (Testa  et  al.  1994,  Bowyer  et  al.  1995, 
Swimley  et  al.  1998;  DG  pers.  obs.).  Because 
the  visitation  rate  to  latrines  by  river  otters  is 
high  (Testa  et  al.  1994,  Bowyer  et  al.  1995), 
and  because  scats  thaw  quite  easily  on  sunny 
days  (DG  pers.  obs.),  feces  could  constitute 
an  alternative  food  source  for  certain  animals 
during  winter. 

It  is  possible  that  the  two  crossbills  were 
trying  to  complement  their  diet  by  eating  fish 
bones,  which  are  numerous  in  otter  scats,  and 
would  therefore  constitute  a ready  source  of 
calcium.  Wild  birds  can  be  calcium  deficient, 
which  has  been  linked  to  adverse  affects  such 
as  eggshell  defects,  clutch  desertion,  and  emp- 
ty nests  (Graveland  et  al.  1994,  Graveland  and 
van  der  Wal  1996).  Great  Tits  {Pams  major), 
for  example,  do  not  obtain  sufficient  calcium 
from  their  usual  diet  of  seeds  and  arthropods 
for  adequate  eggshell  formation  and  skeletal 
growth  (Graveland  and  van  Gijzen  1994); 
they  depend  on  snail  shells  as  a complemen- 
tary source  of  calcium  (Graveland  et  al. 
1994). 
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Atypical  Nest  Site  of  a Semipalmated  Plover 

Linh  R Nguyen,*-^  Robert  F.  Rockwell,^  and  Drake  Larsen^ 


ABSTRACT — We  report  on  an  unusual  nest  site  of 
a Semipalmated  Plover  {Cliaradrius  semipalmatus)  at 
La  Perouse  Bay,  Manitoba,  Canada.  The  nest  was  lo- 
cated at  the  base  of  a 41-cm-high  willow  {Salix  spp.) 
in  a dense  willow  patch  surrounded  by  coastal  mud- 
flats. Vegetation  height  and  percent  visual  obstruction 
at  the  nest  site  were  unusually  high  compared  to  height 
and  cover  previously  described  for  Semipalmated  Plo- 
vers. The  nest  was  successful  (^2  eggs  hatched).  The 
discovery  of  this  unusual  nest  site  in  dense  vegetation 
suggests  that  some  Semipalmated  Plover  nests  may  be 
overlooked,  emphasizing  the  need  to  conduct  thorough 
searches  even  in  non-traditional  habitats  among  shore- 
bird  species  that  typically  nest  in  open  habitats.  Re- 
ceived 9 October  2003,  accepted  1 June  2004. 


Charadriidae  shorebirds  nest  in  unlined  to 
thinly  lined,  shallow  depressions  in  hardened 
clay  or  silt,  or  in  loose  stones,  pebbles,  or  sand 
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in  flat  areas  with  sparse  vegetation  (Cooper 
and  Miller  1997,  Nol  and  Blanken  1999, 
Nguyen  et  al.  2003,  Amat  and  Masero  2004). 
The  disruptive  effects  of  a plover’s  cryptic 
plumage  and  egg  coloration  against  these  sub- 
strates may  enhance  concealment  from  pred- 
ators (Solis  and  de  Lope  1995,  Lloyd  et  al. 
2000).  Some  plovers  place  their  nests  near  ob- 
jects or  clumps  of  vegetation,  which  could 
provide  microclimates  that  reduce  thermoreg- 
ulatory costs  (Wolf  and  Walsberg  1996,  Amat 
and  Masero  2004).  Cover,  however,  reduces 
visibility  around  a nest,  which  may  result  in  a 
higher  risk  of  predation  compared  to  that  of 
an  exposed  site  (Koivula  and  Ronka  1998, 
Amat  and  Masero  2004).  Nest-site  selection 
among  shorebirds,  therefore,  may  be  a trade- 
off between  needing  security  from  predators, 
minimizing  thermoregulatory  costs,  and  hav- 
ing a view  of  the  surrounding  area  (Wolf  and 
Walsberg  1996,  Koivula  and  Ronka  1998, 
Amat  and  Masero  2004).  Flere,  we  report  an 
unusual  instance  of  a Semipalmated  Plover 
(Charadriiis  semipalmatus)  nesting  in  dense 
vegetation. 
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On  17  July  2003,  LPN  and  DL  found  the 
unusual  Semipalmated  Plover  nest  site  at  La 
Perouse  Bay,  Wapusk  National  Park,  Manito- 
ba, Canada  (58°  45'  N,  93°  30'  W).  Several 
times  we  observed  a plover  entering  a large 
patch  (6.8  m long  X 5.1  m wide)  of  willow 
(Salix  spp.)  surrounded  by  coastal  mudflats. 
We  found  the  nest,  which  contained  four  eggs, 
at  the  base  of  a willow.  The  nest  was  approx- 
imately 1.7  m from  the  outer  edge  of  the  wil- 
low patch  and  10.2  m from  the  nearest  water. 
RFR  observed  eggs  and  adults  at  the  nest  on 
21  July;  2 days  later,  the  nest  contained  two 
chicks  and  two  eggs.  On  25  July,  neither 
adults  nor  young  were  observed  in  the  im- 
mediate area. 

We  used  a tape  measure  at  each  corner  of 
a l-m^  quadrat  frame  to  calculate  mean  height 
(41  cm)  of  vegetation  within  1 m of  the  nest 
site.  We  used  a transparent,  20  X 20  cm  den- 
sity board  (100,  2X2  cm  cells)  placed  ver- 
tically on  the  ground  at  the  nest  site  to  cal- 
culate mean  percent  visual  obstruction  by  ver- 
tical cover  (97%)  between  the  nest  and  the 
four  quadrat  corners  (Nguyen  et  al.  2003). 

Previous  descriptions  of  nest  sites  used  by 
Semipalmated  Plovers  (Cooper  and  Miller 
1997,  Robinson  1998,  Nguyen  et  al.  2003, 
Smith  2003)  have  not  mentioned  sites  in 
densely  vegetated  habitat.  Vegetation  height 
and  percent  visual  obstruction  by  vertical  cov- 
er at  the  unusual  nest  site  described  herein 
were  much  greater  than  those  at  other  Semi- 
palmated Plover  nest  sites:  Akimiski  Island, 
Nunavut  (5.8  cm  and  21%,  respectively,  n = 
42;  Nguyen  et  al.  2003);  La  Perouse  Bay, 
Manitoba  (0  cm  and  38%,  respectively,  n — 
10;  RFR  Linpubl.  data);  and  East  Bay,  Nunavut 
(12  cm  and  6%,  respectively,  n = 24;  Smith 
2003).  Although  Cooper  and  Miller  ( 1997)  did 
not  report  vegetation  height  and  percent  visual 
obstruction  by  vertical  cover  at  plover  nests 
in  the  Queen  Charlotte  Islands,  British  Colum- 
bia (/;  = 71 ),  they  described  nest  sites  on  open 
sand,  under  elevated  ends  of  logs  or  planks, 
and  on  gravel  patches,  all  dilTerent  from  the 
nest  site  that  we  observed.  Similarly,  Robin- 
son (1998)  did  not  report  specific  nest-site 
characteristics  at  plover  nests  in  Churchill, 
Manitoba  (//  = 32),  but  his  descriptions  indi- 
cated that  nests  were  round  primarily  on  grav- 
el and  stone,  or  lichen  and  moss,  suggesting 
that  vegetation  height  and  percent  visual  ob- 


struction by  vertical  cover  were  different  from 
those  at  the  nest  site  we  observed. 

Semipalmated  Plovers  that  nest  in  open 
sites  with  little  or  no  concealment  from  veg- 
etation may  benefit  from  good  visibility  and 
early  detection  of  predators.  If  true,  one  would 
expect  a low  rate  of  success  among  nests  in 
dense  vegetation.  However,  previous  studies 
have  shown  that  nest  cover — an  indicator  of 
visibility — does  not  affect  shorebird  nest  suc- 
cess at  typical  nest  sites  (Koivula  and  Ronka 
1998,  Nguyen  et  al.  2003,  Amat  and  Masero 
2004).  Additionally,  nest  sites  used  for  re- 
nesting by  Kentish  Plovers  (C.  alexandhnus) 
had  greater  nest  cover  than  those  sites  where 
the  initial  nest  was  depredated  (Amat  et  al. 
1999).  We  are  not  certain  whether  the  Semi- 
palmated Plover  nest  we  found  was  the  result 
of  a late-nesting  or  renesting  attempt.  The  dis- 
covery of  a nest  in  dense  vegetation,  however, 
indicates  that  some  Semipalmated  Plover 
nests  may  be  overlooked  during  monitoring  or 
nest  searching.  We  recommend  that  search  ef- 
forts be  increased  in  habitats  of  dense  vege- 
tation to  assess  the  frequency  of  nesting  in 
those  types  by  shorebird  species  that  typically 
nest  in  open  habitats. 
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Song  in  Female  Hylorchilus  Wrens 
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ABSTRACT. — We  report  on  the  di.scovery  of  a dis- 
tinct female  song  in  Nava’s  Wren  {Hylorchilus  navai), 
similar  to  that  recently  discovered  in  Sumichrast’s 
Wren  {Hylorchilus  sundchrasti).  In  both  species,  fe- 
males sometimes  countersing  with  males  but  do  not 
combine  their  songs  into  a synchronized  duet  as  in 
many  other  tropical  wrens.  We  provide  observations 
that  suggest  territorial  defense,  intra-pair  contact,  and 
perhaps  mate-guarding  as  possible  functions  of  female 
song  in  Hylorchilus,  a little-known  genus  endemic  to 
Mexico.  Received  12  December  2003,  accepted  28 
June  2004. 


In  the  largely  Neotropical  family,  Troglo- 
dytidae,  females  show  a diversity  of  singing 
behaviors  (Farabaugh  1982,  Barker  2003).  In 
some  species,  females  do  not  sing  regularly. 
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but  in  others  female  songs  may  be  simple  rat- 
tles (rapid  repetitions  of  a single,  low-pitched 
syllable),  usually  complementing  their  mates’ 
more  complex  whistles.  Female  songs  also 
may  be  sung  in  highly  coordinated,  whistled 
duets  with  their  mates  (Farabaugh  1982).  Fe- 
male rattles  have  been  reported  in  Merida 
Wren  (Cistothorus  meridae;  Kroodsma  et  al. 
2001),  Carolina  Wren  {Thryothorus  ludovici- 
emus;  Shuler  1965,  Farabaugh  1982),  House 
Wren  [Troglodytes  aedon  (musculus  group); 
cf.  Skutch  1953,  Farabaugh  1982,  Sick  1993], 
Socorro  Wren  {Thryomanes  sissonii\  Howell 
and  Webb  1995),  and  Sumichrast’s  Wren  {Hy- 
lorchiliis  sumichrasti;  Perez- Villafana  et  al. 
1999).  Here,  we  report  on  the  discovery  of 
female  song  in  Nava’s  Wren  {Hylorchilus  na- 
ved)  and  provide  observations  on  the  context 
and  possible  function  of  female  rattles  in  Hy- 
lorchilus, a little-known  genus  endemic  to 
Mexico. 

On  26  March  2002,  while  observing  a sing- 
ing male  Nava’s  Wren  at  the  type  locality  for 
this  species  northwest  of  Tuxtla  Gutierrez, 
Chiapas,  Mexico  (16°  56'  N,  93°  27'  W), 
HGdS  and  CAM  heard  and  tape  recorded  a 
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series  of  rapid  whistles  that  they  could  not 
identify.  Playback  of  this  vocalization  imme- 
diately provoked  close  approach  by  the  male 
and  the  appearance  of  a second  individual,  a 
female,  recognizable  in  the  held  based  on  her 
slightly  shorter  bill  (cf.  Crossin  and  Ely  1973) 
and  the  general  resemblance  of  its  song  to  that 
of  female  Sumichrast’s  Wren  (see  below). 
Soon,  both  birds  began  countersinging,  and 
they  continued  to  do  so  for  several  minutes. 
Countersinging  is  known  to  occur  in  Sumi- 
chrast’s Wren  (Perez-Villafana  et  al.  1999). 
Conceptually,  it  is  sometimes  difficult  to  dis- 
tinguish bird  songs  from  calls,  but  songs  are 
usually  given  in  the  context  of  either  territo- 
riality or  pairing  behavior,  whereas  calls  usu- 
ally are  not  (Spector  1994,  Langmore  1998). 

Countersinging  in  response  to  tape  play- 
back suggests  that  female  song  in  Nava’s 
Wren  is  used  in  territorial  defense  for  intra- 
pair communication  during  an  agonistic  event. 
As  in  the  Sumichrast’s  Wren  (Perez-Villafana 
et  al.  2003),  the  posture  adopted  by  the  female 
Nava’s  Wren  while  singing  was  similar  to  that 
used  by  the  male,  with  the  body  held  upright 
and  the  bill  raised.  This  posture,  the  loud  na- 
ture of  the  song,  and  the  fact  that  it  was  given 
by  birds  perched  atop  limestone  boulders,  sug- 
gest that  the  song  may  be  used  as  a long-dis- 
tance signal. 

The  song  of  the  female  Nava’s  Wren  is  an 
introductory  note  followed  by  a rapid  series 
of  eight  or  more  loud,  shrill  whistles;  the  song 
rises  slightly,  remains  relatively  steady,  and 
ends  abruptly:  “wwp  wick-wick-wick-wick- 
wick  ...”  (Fig.  lA).  Seventeen  songs  from  a 
single  bout  of  countersinging  averaged  2.6  ± 
0.6  sec  (SD)  in  length  and  contained  14.9  ± 
3.7  notes.  Singing  behavior  appears  to  be  sim- 
ilar in  both  species  of  Hylorchilus.  As  in 
I countersinging  pairs  of  Sumichrast’s  Wren 
(HGdS  and  MPV  pers.  obs.),  the  rate  of  song 
delivery  in  female  Nava’s  Wren  (5.4  songs/ 
; min)  is  somewhat  slower  than  in  the  male  (8.5 
\ songs/min)  and  the  individual  songs  are  sig- 
nificantly longer  in  duration  (female:  2.6  ± 
0.6  sec,  n = 17;  male:  1.8  ± 0.1  sec,  //  = 31; 
i /-test,  < O.OOl).  The  song  given  by  female 
Sumichrast’s  Wren  is  also  a relatively  steady 
series  of  notes,  but  notes  are  delivered  at  only 
about  half  the  rate  (F'ig.  IB).  Moreover,  in  fe- 
male Nava's  Wren  the  maximum  fundamental 
frequency  is  higher  (2.42  ± 0.08  kHz)  than  it 


FIG.  1.  Spectrograms  of  countersinging  male  and 
female  Hylorchilus  wrens.  Contributions  of  males  are 
encircled  by  solid  lines.  (A)  Portion  of  a countersing- 
ing bout  of  Nava’s  Wren  {Hylorchilus  navai)  featuring 
slightly  overlapping  male  and  female  songs.  Recorded 
by  CAM  at  the  type  locality  of  Nava’s  Wren  in  Chia- 
pas, Mexico  (see  text),  on  26  March  2002,  using  a 
Nagra  4.2  and  a Sennheiser  MKH-20  microphone 
mounted  inside  a Telinga  Pro  parabola  (CAM  held 
#2000-07-04  deposited  at  the  Library  of  Natural 
Sounds,  Cornell  Laboratory  of  Ornithology,  Ithaca, 
New  York).  The  spectrogram  was  made  using  Syrinx, 
version  2.2K  (www.syrinxpc.com).  (B)  Portion  of  a 
duet  of  Sumichrast’s  Wren  (Hylorchilus  sumichrasti) 
showing  complete  overlap  between  male  and  female 
song.  Recorded  by  S.  N.  G.  Howell  1.5  km  south  of 
Amatlan,  Veracruz  ( 18°  50'  N.  96°  55'  W),  on  21  Sep- 
tember 1995  with  a Sony  TCS  430/450  and  a Senn- 
heiser ME66  microphone.  The  spectrogram  was  made 
using  a Kay  Hlemetrics  D.SP  .Sonograph,  Model  5500. 
in  the  sound  analysis  laboratory  of  L.  f'!  Baptista,  Cal- 
ifornia Academy  of  Sciences,  San  f-rancisco. 


i.s  in  the  hoarse  sotig  of  fetiiale  Sumiehrasl's 
Wren  (2-2.2  kHz).  Utilike  duels  in  many  other 
wretis,  the  eotilribtitions  of  males  atitl  fetnales 
iti  Hylorchilus  are  tiol  highly  eoorditiated  or 
iti  synehrotiy.  Itisleatl,  matiy  male  atid  fetnale 
sotigs  partly  overlap.  .Successive  female  sotigs 
tnay  begin  tiear  the  begintiitig.  middle,  or  etui 
of  the  tnale's  songs,  with  no  aiiparenl  patlerti. 
Itideeti,  sotne  male  sotigs  iti  a duet  tlo  not 
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overlap  female  song.  It  may  be  that  all  female 
songs  in  a duet  are  overlapped  by  male  song, 
but  our  sample  is  small;  overlap  would  sug- 
gest mate-guarding  as  one  function  of  male 
song.  Song  by  female  Sumichrast’s  Wren  has 
been  heard  throughout  the  year  (Perez-Villa- 
fana  et  al.  2003)  and  in  a paired  female  with- 
out offspring  ( Perez- Villafana  1997),  indicat- 
ing that  it  is  not  related  to  coordination  of  bi- 
parental  care  (e.g.,  Langmore  1998). 

Males  of  both  Hylorchilus  wrens  frequently 
sing  alone,  and  solo  song  by  females  has  been 
recorded  in  the  better-known  Sumichrast’s 
Wren.  For  example,  Perez-Villafana  et  al. 
(2003)  documented  solo  song  by  a paired  fe- 
male that  was  foraging  and  transporting  nest- 
ing material.  Females  sing  much  less  frequent- 
ly than  males  (Perez-Villafana  et  al.  1999). 
Taken  together  with  how  little  is  known  about 
Hylorchilus  wrens,  this  may  explain  why  it 
took  so  long  to  document  female  song  in  these 
species.  Whereas  the  songs  of  male  Sumi- 
chrast’s and  Nava’s  wrens  were  first  described 
in  1987  and  1993,  respectively  (Hardy  and 
Delaney  1987,  Atkinson  et  al.  1993),  female 
song  was  not  described  in  Sumichrast’s  Wren 
until  1997  (Perez-Villafana  1997,  Perez-Vil- 
lafana et  al.  1999),  and  until  now,  counters- 
inging and  female  song  had  remained  unde- 
scribed in  Nava’s  Wren. 
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RELATIONSHIPS  AMONG  BODY  MASS, 
FAT,  WING  LENGTH,  AGE,  AND  SEX  FOR 
170  SPECIES  OF  BIRDS  BANDED  AT 
POWDERMILL  NATURE  RESERVE.  By 
Robert  S.  Mulvihill,  Robert  C.  Leberman,  and 
Adrienne  J.  Leppold.  Eastern  Bird  Banding 
Association  (EBB A)  Monograph  No.  1.  2004: 
184  pp.;  153  pp.  of  tables.  $15.00  (paper).  Or- 
dering information  on  EBBA  Web  site  (http:/ 
/www. pronetisp.net/~bpbird/eb00009.htm). — 
Considering  the  vast  quantity  of  measurement 
data  collected  from  birds  during  banding  op- 
erations, it  is  quite  surprising  that  so  few  sum- 
maries have  been  published.  This  monograph 
helps  fill  the  gap,  with  analysis  of  276,570 
banding  records  for  birds  captured  at  Powder- 
mill  Nature  Reserve  (Rector,  PA). 

A short  introduction  describes  data-collec- 
tion  methods  and  analyses.  It  provides  a fairly 
complete  and  understandable  description  of 
data-collection  methods  and  analyses,  with  a 
few  exceptions.  Notably,  nothing  is  said  about 
the  methods  used  to  determine  age  (skulling 
versus  plumage  or  other  characters).  The  ex- 
planation of  how  the  tails  of  the  wing-length 
frequency  diagrams  were  adjusted  is  very  un- 
clear. However,  the  introduction  is  very  good 
at  pointing  out  caveats  of  which  the  user 
should  be  aware.  For  example,  wing  length 
was  used  to  sex  some  individuals  of  some  spe- 
cies, which  affects  the  analyses  of  sex  effects 
on  wing  length,  and,  appropriately,  this  is  not- 
ed again  in  the  summaries  for  the  species  so 
affected.  Data  were  edited  prior  to  analysis  us- 
ing various  criteria  for  excluding  outliers, 
which  affects  results  by  eliminating  some  val- 
id data  points,  but  the  authors  are  clear  on  the 
methods  used  and  warn  users  of  the  potential 
consequences. 

The  bulk  of  the  document  consists  of  tab- 
ular summaries  of  data.  For  all  species  with 
fewer  than  10  records,  the  authors  give  com- 
plete data  for  each  individual  (age,  sex,  wing 
length,  mass,  and  fat  score).  More  abundant 
species  have  summaries  of  wing  length  and 
mass  (sample  size,  mean  and  SI),  minimum, 
and  maximum),  with  the  mass  data  subtlivided 


by  fat  score  (using  a fat  scale  of  0-3).  These 
samples  are  further  subdivided  into  age  or  sex 
categories  for  which  there  are  five  or  more 
cases. 

A particularly  useful  feature  of  the  authors’ 
analyses  is  that  they  did  not  define  age  groups 
using  banders’  designations  of  Hatch  Year 
versus  After  Hatch  Year.  Rather,  for  body 
mass  analyses,  ‘immatures’  were  defined  as 
birds  in  their  first  12  months  of  life  (assuming 
a June  hatch  date),  and,  for  wing-length  anal- 
yses, ‘immatures’  were  defined  as  birds  hav- 
ing Juvenal  remiges  (with  a few  well-ex- 
plained  exceptions).  One  of  the  interesting  re- 
sults from  the  book  is  that  a high  proportion 
of  passerines  have  shorter  wing  lengths  as  im- 
matures. 

For  the  100  species  with  sample  sizes  over 
100,  additional  analyses  were  conducted.  AN- 
OVA  was  used  to  determine  whether  age  or 
sex  affected  wing  length  or  body  mass  (the 
latter  analysis  including  fat  class  as  a covari- 
ate). Regression  of  body  mass  on  fat  score 
provided  estimates  of  lean  mass  and  of  the 
average  fat  mass  for  birds  with  a fat  score  of 
3.  Results  were  used  to  predict  lean  mass  for 
each  individual,  which  was  regressed  on  wing 
length  to  describe  the  relationship  between 
body  mass  and  structural  size  (insofar  as  the 
latter  is  reflected  by  wing  length).  Graphics 
for  each  species  summarize  the  proportion  of 
birds  in  each  fat  class,  and  there  are  frequency 
diagrams  of  wing  lengths  for  birds  of  known 
sex  and  for  the  total  sample. 

As  is  inevitable  in  a summary  of  this  sort, 
there  are  limitations  to  what  could  be  pre- 
sented, and  users  must  interpret  results  with 
appropriate  caution.  Data  are  not  subdivided 
by  time  of  year,  and  most  summaries  include 
data  for  birds  from  several  seasons,  mixing 
migrants  and  residents  (proportion  of  the  sam- 
ple from  each  season  is  shown  in  an  appen- 
dix.) Idfects  of  age  and  sex  on  mass  (with  a 
fat  score  covariate)  aiul  wing  length  were  an- 
aly/etl  sei^arately  in  one-way  ANOVAs:  thus, 
interactions  could  not  be  tletected.  A useful 
atldition  would  have  been  to  include  age,  sex. 
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and  season  (if  not  month)  as  covariates  in 
analyses,  to  show  whether  there  are  age-sex 
interactions  and  seasonal  variation.  Separate 
pie  charts  of  fat  score  for  each  season  would 
have  proved  interesting. 

Because  the  regressions  of  body  mass  on 
fat  score  did  not  include  age  or  sex  as  covar- 
iates. the  resulting  predictions  of  lean  mass  for 
each  individual  will  be  slightly  off  for  species 
with  age  or  sexual  size  dimorphism.  In  turn, 
this  will  have  affected  the  predicted  relation- 
ship of  lean  mass  to  wing  length,  which  was 
calculated  separately  for  each  sex  even  though 
lean  mass  was  calculated  without  respect  to 
sex.  The  one-way  ANOVA  analyses  showed 
significant  age  and  sex  effects  on  mass  and 
wing  length  for  most  species,  so  there  is  likely 
to  be  more  explainable  variation  in  mass-body 
size  relationships  than  has  yet  been  teased  out 
of  the  data. 

The  wing-length  frequency  diagrams  will 
be  of  interest  to  many  banders,  although  these, 
especially,  require  caution  in  interpretation. 
Wing  length  of  known-sex  birds  was  used  to 
determine  cut-offs  useful  for  sexing  (summa- 
rized in  an  appendix),  but  this  will  be  appro- 
priate only  if  the  unknown-sex  birds  of  each 
wing  length  have  the  same  sex  ratio  as  the 
individuals  for  which  sex  could  be  deter- 
mined. The  one-way  ANOVAs  also  analyzed 
sex  effects  on  wing  length  for  only  those  in- 
dividuals of  known  sex;  thus,  the  magnitude 
and  statistical  significance  of  the  effects  may 
have  been  affected  by  sex  bias  in  the  sample 
of  unknowns.  Species  varied  dramatically  in 
the  proportion  of  unknown-sex  individuals, 
but  the  frequency  graphs  often  show  data  for 
known-sex  and  unknown-sex  individuals  plot- 
ted on  very  different  scales,  which  obscures 
the  true  proportion  of  unknowns. 

Despite  the  inevitable  limitations,  this  vol- 
ume is  a fine  source  of  basic  data  that  are  very 
difficult  to  find  elsewhere,  and  which  have  a 
wide  variety  of  applications  in  ecological 
studies.  This  monograph  likely  will  inspire 
other  banders  to  analyze  their  own  data  in  a 
similar  manner,  or,  perhaps,  to  concentrate  on 
some  of  the  questions  left  unaddressed  by  this 
volume.  The  authors  indicate  that  their  data 
are  freely  available  to  others  for  additional  or 
comparative  analysis,  and  this  should  facili- 
tate direct  comparison  to  demonstrate  geo- 
graphic variation. — ERICA  H.  DUNN.  Cana- 


dian Wildlife  Service,  Ottawa,  Ontario,  Can- 
ada: e-mail:  erica.dunn@ec.gc.ca 


EIGHTEENTH-CENTURY  NATURAL- 
ISTS OF  HUDSON  BAY.  By  Stuart  Houston, 
Tim  Ball,  and  Mary  Houston.  McGill-Queen’s 
University  Press,  Montreal.  Quebec.  Canada. 
2003:  333  pp..  49  maps  and  black-and-white 
photographs.  8 color  plates.  7 tables,  and  7 
appendices.  ISBN:  0773522859.  S49.95 
(cloth). — This  scholarly  treatise  highlights  the 
accomplishments  of  a small  group  of  men 
who  worked  for  the  Hudson’s  Bay  Company 
(HBC)  at  trading  posts  during  the  1700s,  in 
an  area  that  covered  about  half  of  modem 
Canada  and.  in  places,  dipped  into  what  is 
now  the  Lmited  States.  These  men  recorded 
weather  observations  and  made  natural  histo- 
ry observations  and  collections  that  included 
birds.  The  collections  were  sent  to  Europe, 
where  they  were  used  by  Linnaeus  and  others; 
thus,  the  efforts  of  the  HBC  group  had  a last- 
ing impact  on  the  history  of  ornithology.  In 
1974,  the  archives  of  the  HBC  were  moved 
from  England  to  Winnipeg.  Manitoba,  and 
were  the  main  source  of  information  for  this 
book.  Birds  played  a prominent  role  in  the 
natural  history  records  and  collections  and 
thus  represent  an  important  dimension  in  this 
book. 

The  book  is  divided  into  an  introduction 
and  12  chapters  that  occupy  the  first  140  pag- 
es, followed  by  7 appendices,  extensive  end- 
notes.  references,  and  a comprehensive  index. 
Seven  associated  documents  that  would  have 
been  too  expensive  to  include  in  this  volume 
are  available  online  at  the  McGill-Queen’s 
University  Web  site  http://www.mqup. mcgill. 
ca/books/houston/eighteenth-century.  The  in- 
troduction provides  background  on  the  HBC, 
and  Chapter  1 deals  with  the  European  natural 
history  connection.  This  includes  biographical 
materials  on  Sir  Hans  Sloane.  George  Ed- 
wards. Carolus  von  Linnaeus.  Johann  Rein- 
hold Forster.  Thomas  Pennant,  and  John  La- 
tham. all  of  whom  made  use  of  bird  collec- 
tions and  notes  sent  to  Europe  by  HBC  col- 
lectors. Chapters  2-9  present  biographies  of 
eight  HBC  men  who  made  important  contri- 
butions to  the  natural  history  of  the  substantial 
area  controlled  by  the  HBC.  All  played  some 
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role  in  the  history  of  ornithology.  For  exam- 
ple, Alexander  Light  brought  back  specimens 
to  George  Edwards,  who  portrayed  them  in 
his  four-volume  A Natural  History'  of  Birds 
(1743-1751),  and  Linnaeus  described  several 
as  new  species,  including  the  Spruce  Grouse 
(Canachites  canadensis).  James  Isham  also 
sent  birds  to  Edwards,  and  Edwards’  paintings 
became  the  type  specimens  for  a dozen  new 
North  American  species,  including  the  Great 
Blue  Heron  (Ardea  herodias).  Humphrey 
Martin  sent  back  specimens  of  a dozen  species 
in  1771,  including  Eskimo  Curlew  (Numenius 
borealis),  named  by  Johann  Reinhold  Forster 
the  following  year.  He  also  was  the  hrst  to  put 
up  nest  boxes  in  Canada.  In  1771,  Alexander 
Graham  sent  back  skins  of  39  bird  species, 
including  the  type  specimens  of  Great  Gray 
Owl  (Strix  nehidosa)  and  Blackpoll  Warbler 
{Dendroica  striata).  Thomas  Hutchins  was  a 
physician  with  broad  interests  in  meteorology, 
physics,  and  natural  history.  His  1770s  writ- 
ings indicate  that  he  was  fully  aware  of  the 
phenomenon  of  migration,  and  reported  ob- 
servations of  food  caching  by  jays.  He  was 
the  only  member  of  the  HBC  naturalists  to 
have  a bird  named  after  him — Hutchin’s 
Goose  (Branta  canadensis  hutcbinsii).  Samuel 
Hearne  was  an  observer  rather  than  collector 
and  made  contributions  to  Thomas  Pennant’s 
Arctic  Zoology,  (1785).  Peter  Fidler  was  most 
interested  in  meteorology  and  cartography,  but 
did  make  contributions  to  the  understanding 
of  long-term  population  cycles  of  arctic  ani- 
mals, including  birds. 

Chapter  10  provides  discussion  on  various 
aspects  of  natural  history  involving  members 
of  the  HBC,  including  sections  on  collectors, 
a chronology  of  1770s  collections,  and  a 
lengthy  table  that  lists  the  birds  of  Hudson 
Bay  and  where  they  were  mentioned  in  18th 
century  literature.  It  also  has  sections  on  the 
diflicLiIties  in  preserving  bird  and  mammal 
skins,  the  advent  of  Linnaeus'  classification 
system,  and  the  motivations  of  the  HBC  col- 
lectors. 

The  last  chapter  compares  the  Hudson  Bay 
region  with  the  Charleston,  South  Carolina 
area  in  colonial  times;  only  the  C'harlcston 
area  surpassed  the  Hudson  Bay  region  in 
terms  of  the  number  of  North  American  nat- 
ural history  specimens  collected.  It  includes  a 


discussion  about  Mark  Catesby  and  a table 
listing  new  bird  species  that  he  described. 

Seven  appendices  occupy  109  pages,  four 
of  which  contain  more  than  occasional  refer- 
ences to  birds.  Appendix  C is  perhaps  the 
most  interesting.  It  concerns  10  manuscripts 
from  the  HBC  archives  that  are  attributed  var- 
iously to  Andrew  Graham  and  Thomas  Hutch- 
ins. The  question  of  who  wrote  what,  and 
what  was  copied  from  whom,  has  been  ban- 
tered about  for  the  better  part  of  two  centuries. 
Stuart  and  Mary  Houston  conducted  some  or- 
nithological sleuthing  to  reveal  the  actual 
events,  and  the  story  of  their  adventure  is  pre- 
sented in  this  appendix.  The  upshot  is  that,  as 
a surgeon,  Hutchins  had  better  training  than 
Graham,  and  his  writing  was  more  technical; 
hence,  authorship  of  the  manuscripts  can  be 
assigned  on  this  basis,  and  it  turns  out  that 
much  of  the  work  was  collaborative.  Appen- 
dix E deals  with  the  19th  century  trade  in 
swan  skins  and  quills  that  reached  prodigious 
proportions  in  1834,  when  nearly  8,000 
reached  European  markets  and  likely  contrib- 
uted signihcantly  to  the  demise  of  the  Trum- 
peter Swan  (Cygnus  buccinator).  Appendix  F 
is  a brief  commentary  on  how  the  Canada 
Goose  got  its  name  before  there  was  a Cana- 
da, and  Appendix  G — of  which  25  pages  deal 
with  birds — is  a long  catalog  of  Cree  Indian 
names  for  animals  and  plants  in  the  18th  cen- 
tury. 

This  is  a scholarly  book  (the  endnotes  alone 
occupy  61  pages)  with  much  of  interest  for  the 
historically  inclined  ornithologist.  The  nearly 
500  references  are  indispensable  to  anyone  in- 
terested in  the  history  of  North  American  or- 
nithology and  natural  history.  The  book  is  well 
written  and  is  interesting  reading  about  a by- 
gone era.  Every  academic  library  should  have 
a copy  of  this  book,  as  should  anyone  inter- 
ested in  the  history  of  ornithology. — WIL- 
UAM  E.  DAVIS,  JR.,  Boston  Ihiiversity,  Bos- 
ton, Massachusetts;  e-mail:  \\eda\  is^Msiredu 


BIRDS,  SC'YI  HILS  AND  C'()MBINF:S:  A 
HlSrORY  Ol-  BIRDS  AND  AGRK'ULfUR- 
AL  C'HANGL:.  By  Michael  Shrubb.  C'am- 
bridge  Uni\crsity  Press,  ('ambritlge.  Unitetl 
Kingdom.  2003:  382  pp..  36  line  tiiagrams.  28 
half-tones,  34  tables.  37  majis.  ISBN: 
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0521814634.  $50.00  (cloth).— Michael  Shrubb 
is  a retired  farmer,  historian,  author,  editor,  and 
ornithologist.  He  began  observing  the  inter- 
actions between  farming  and  birds — and  the 
effect  of  the  one  on  the  other — on  his  234-ha 
family  farm  in  West  Sussex,  where  horses 
were  used  until  1952.  Shrubb  has  carefully  re- 
searched the  extensive  history  of  British  ag- 
riculture and  farming  methods,  as  well  as  all 
the  19th-century  county  and  regional  avifauna 
records  for  Scotland,  Wales,  and  England.  His 
exemplary,  detailed  research  has  produced  a 
faet-filled  book  containing  34  informative  ta- 
bles and  37  exeellent  maps. 

Harmful  and  destruetive  practices  were 
eommon  in  the  19th  century.  There  was  a 
eommercial  trade  in  eggs  of  the  Lapwing  {Va- 
nellus  vanelhis),  Avocet  {Recurvi rostra  avo- 
setta),  Oystercateher  {Haematopus  ostrale- 
gus).  Stone  Curlew  (Burhinus  oedicnemus), 
and  Black-headed  Gull  (Larus  ridibundus). 
Trapping  of  Wheatears  (Oenanthe  oenanthe), 
netting  of  Skylarks  (Alciuda  arx’ensis),  and 
shooting  of  waders  and  waterfowl  were  wide- 
spread. Loeal  populations  of  the  Ruff  {Philo- 
machus  piignax)  and  Black-tailed  Godwit  (L/- 
mosa  limosa)  were  exterminated  early  in  the 
century.  Goldfinches  (Carduelis  carduelis) 
were  sold  as  cage  birds. 

Shrubb  describes  the  elose  and  vital  con- 
nections between  agrieultural  practices  and 
bird  populations.  Notable  bird  declines  before 
the  mid- 19th  century  had  varying  explana- 
tions. As  large  traets  of  sheep  pasture  fell  to 
the  plough,  the  Great  Bustard  {Otis  tarda)  dis- 
appeared by  1830,  and  the  Stone  Curlew  lost 
nearly  half  of  its  range  by  1900.  With  enclo- 
sure by  hedges,  healthier  sheep  and  fewer 
sheep  carcasses  led  to  sharp  declines  in  Red 
Kites  (Milvus  milvus).  Common  Buzzards 
(Buteo  buteo),  and  Ravens  {Corvus  corax). 
With  the  advent  of  steam  power  to  drain  wet- 
lands, Quail  {Coturnix  coturnix)  numbers  de- 
elined  shaiply  and  Bittern  {Botauriis  stellaris). 
Spotted  Crake  {Porzana  porzana).  Snipe 
(Gallinago  gallinago),  Ruff,  Black-tailed 
Godwit,  Avocet,  Bearded  Tit  (Pamirus  biar- 
niicus),  and  Savi’s  Warbler  {Locustella  liisci- 
nioides)  suffered;  somewhat  paradoxieally, 
the  decline  in  Redshank  {Tringa  totamis) 
numbers  began  to  reverse  after  1870.  Monta- 
gu’s Hanier  {Circus  pygargus).  Black  Grouse 
{Tetrao  tetrix),  and  Stoneehat  {Saxicola  tor- 


cjuata)  failed  to  adapt  to  enelosure  and  eulti- 
vation.  The  Corncrake  {Crex  crex)  and  Whin- 
chat  {Saxicola  rubetra)  adapted  poorly  to  the 
mechanization  of  haying.  Control  of  weeds, 
especially  thistle,  led  to  declines  in  the  Linnet 
{Carduelis  cannabina)  and  Goldfinch,  but  ex- 
pansion of  orchards  led  to  an  increase  in  tits, 
Greenfinehes  {Carduelis  chloris),  and  Bull- 
finehes  {Pyrrhula  pyrrliula).  Many  of  the  spe- 
cies not  mentioned  above  remained  in  more 
or  less  constant  numbers  until  the  Second 
World  War. 

Since  then,  widespread  eeonomic  subsidies 
to  farmers  have  affected  the  speed  and  seale 
of  ehange.  Together,  the  increasing  size  of 
farms,  changes  in  grassland  management,  use 
of  larger  machinery,  timing  of  cultivation,  vir- 
tual disappearance  of  old-style  crop  rotations, 
and  the  use  of  pesticides  to  suppress  weeds, 
have  undermined  the  eapaeity  of  many  species 
to  adapt  to  farmland  as  breeding  habitat.  Low- 
er survival  of  Gray  Partridge  {Perdix  perdix) 
chieks,  Yellowhammers  {Emberiza  citrinella), 
and  Cirl  Buntings  {Emberiza  cirlus)  has  been 
linked  to  declines  in  arthropods. 

Rarely  is  it  possible  to  attribute  a change  in 
populations  or  range  to  a single  cause,  but  re- 
moval of  250,000  km  of  hedges  may  have 
been  a factor  in  the  decline  of  the  Red-backed 
Shrike  {Lanins  collurio).  Corvids  and  foxes 
have  increased  since  about  1960,  resulting  in 
greater  predation  of  ground-nesting  birds.  In- 
ereasing  use  of  combine-harvesters  since  1960 
has  decreased  the  amount  of  waste  grain  re- 
maining, especially  for  wintering  birds.  Lap- 
wings declined  in  the  1970s  and  1980s  when 
autumn-sown  crops  largely  replaced  spring- 
planted  eereals. 

Readers  will  find  many  helpful  and 
thought-provoking  parallels  with  North  Amer- 
ica, and  will  gain  many  insights  about  farm 
ecosystems  and  the  way  in  which  recent 
changes  in  agricultural  practices,  and  even 
ehanges  in  farm  buildings,  have  affected  bird 
populations.  My  single  criticism  is  that  North 
Americans  will  have  some  diffieulty  with  the 
agricultural  terms  well  known  to  residents  of 
Great  Britain,  especially  farmers.  For  exam- 
ple, a sheepwalk  is  a sheep  pasture;  couch  is 
couch  grass;  a wether  is  a male  sheep.  A glos- 
sary would  have  been  a great  help  for  sueh 
terms,  as  well  as  for  ley,  blanket  mires,  caddy 
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roof,  chalking,  marling,  claying,  ensiled,  and 
mole  draining. 

Someone  in  North  America  might  be  tempt- 
ed to  emulate  this  book,  even  though  Eng- 
land’s rich  collection  of  19th-century  avifau- 
nas could  not  be  matched  here — nor  are  we 
yet  able  to  compile  bird  population  numbers 
as  accurately  as  the  annual  Common  Birds 
Census  (CBC!)  allows  in  Great  Britain.  This 
superb  book  demonstrates,  perhaps  better  than 
any  other,  the  value  of  historical  studies  in  or- 
nithology.—C.  STUART  HOUSTON,  Uni- 
versity of  Saskatchewan,  Saskatoon,  Canada; 
e-mail:  houstons@duke.usask.ca 


VOICES  OE  NEW  WORLD  PARROTS. 
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By  Bret  M.  Whitney,  Theodore  A.  Parker,  III, 
Gregory  E Budney,  Charles  A.  Munn,  and 
Jack  W.  Bradbury.  Macauley  Library  of  Nat- 
ural Sounds,  Cornell  Laboratory  of  Ornithol- 
ogy, Ithaca,  New  York.  3 CD  set,  54  page 
booklet.  $39.95. — Voices  of  New  World  Par- 
rots is  a compendium  of  exquisite  parrot  re- 
cordings. The  authors’  hope  is  that  the  pro- 
duction of  these  CD’s  will  aid  researchers  by 
presenting  a larger  sample  of  the  vocalizations 
made  by  each  species.  The  selections  are 
lengthy,  with  up  to  5 min  per  species,  and 
most  species  are  represented  by  calls  given 
both  when  perched  and  in  flight.  Most  species 
are  represented  by  multiple  cuts,  especially 
widely  distributed  species. 

One  hundred  forty  species  are  included, 
with  a small  number  of  species  inevitably 
missing  from  the  set.  Recordings  are  avail- 
able— but  not  included — for  the  highly  endan- 
gered Indigo  Macaw  {Anodorhynchus  leciri) 
and  Lillie  Blue  Macaw  (Cyanopsitta  spixii). 
Information  is  included  in  the  accompanying 
booklet  on  the  location  of  the  archive  for  vo- 
calizations of  these  species  and  how  to  request 
their  use.  Recordings  were  not  located  for  Ru- 
fous-fronted  Parakeet  {Bolhorhynchiis  fcrru- 
^ineifrons).  Red-fronted  Parrotlet  {I'oiiit  cos- 
taricensis),  Rose-faced  Parrot  {Bionopsitta 
pulchm),  and  Indigo-winged  Parrot  U/apal- 
opsittaca  fucrtcsi). 

Each  track  includes  an  announcement  with 
the  scientific  name  of  the  bird,  the  common 
name,  and  whether  the  calls  are  from  perched 
(U'  flying  birds,  or  both  (perched/flight  or 


flight/perched).  A small  number  of  recordings 
include  the  sounds  of  begging  nestlings  and 
are  so  identified  in  the  announcement.  The  se- 
lected tracks  are  clear  and  generally  free  of 
vocalizations  of  other  species.  Where  other 
species  can  be  heard,  they  are  generally  not 
identified  in  either  the  booklet  or  on  the  CD. 
A few  recordings  of  vulnerable  species  are 
from  captive  birds  or  aviaries  and  are  identi- 
hed  as  such  in  the  booklet. 

In  addition  to  providing  information  on  the 
species  and  individual  recordings,  the  booklet 
is  packed  with  information  on  parrots,  re- 
search on  wild  parrots,  and  the  identihcation 
of  parrots.  There  is  an  emphasis  on  conser- 
vation of  parrots  throughout  the  booklet.  In- 
formation on  identihcation  includes  vocal 
characteristics  as  well  as  flight  characteristics, 
as  most  views  of  wild  parrots  tend  to  be  of 
birds  flying  in  bad  light.  Particularly  useful  is 
a table  of  parrot  genera,  with  information  on 
flight  and  flock  characteristics — including  un- 
dulation, trajectory  or  rolling,  typical  height 
above  ground  in  flight,  flock  size,  and  roosting 
habits.  Typical  flight  silhouettes  of  birds  in 
each  genus  are  also  presented,  as  well  as  in- 
formation on  how  to  record  vocalizations  of 
parrots  or  other  wildlife.  Taxonomy  follows 
Sibley  and  Monroe;  departures  from  this  stan- 
dard are  noted  in  the  booklet  under  each  spe- 
cies. 

For  each  species,  the  scientific  and  common 
name.  International  Union  for  the  Conserxa- 
tion  of  Nature  codes  for  rare  and  endangered 
species,  and  whether  the  species  uses  clay 
licks  is  also  noted.  Information  on  each  re- 
cording includes  whether  the  birds  were 
perched,  flying,  or  both;  the  geographic  loca- 
tion; catalog  information;  and  the  recordist.  If 
known,  the  number  of  birds  in  the  flock  is 
provided. 

This  is  an  outstanding  collection  and  is  rec- 
ommended as  a tool  in  the  idcnlilication  of 
parrots.— MARY  GUSTALSON,  USGS  Pa- 
tuxent Wildlife  Research  CYmler,  Laurel, 
Maryland;  e-mail:  mary_gustafson C^^hisgs. go\ 


MASSACTULSPH  IS  BRIHdJING  BIRD 
ALLAS.  By  Wayne  R.  Petersen  aiul  W.  Roger 
Meservey  (luls.).  Massachusetts  Audubon  So- 
ciety, Lincoln,  Massachusetts.  2003:  441  pp.. 
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225  watercolor  paintings  by  John  Sill  and  Bar- 
ry Van  Dusen,  198  range  maps,  2 appendices. 
ISBN:  1558494200.  $60.00  (cloth).— In  1974, 
following  a 1973  pilot  study,  the  Massachu- 
setts Audubon  Society,  with  the  cooperation 
of  the  Massachusetts  Division  of  Fisheries  and 
Wildlife,  and  the  inspiration  of  James  Baird, 
launched  the  hrst  state  or  province-wide 
breeding  bird  atlas  (BBA)  project  in  North 
America.  Field  work  was  designed  to  cover 
the  1974-1978  breeding  seasons,  but  a 6th 
year  was  added,  largely  to  allow  time  for 
“blockbusting”  (volunteer  or  paid  ornitholo- 
gists who  intensively  survey  blocks  with  little 
or  no  coverage).  Due  to  personnel  changes, 
various  administrative  delays,  and  indecision, 
results  were  not  published  until  2003.  Because 
BBAs  are  “snapshots  in  time”  of  breeding 
bird  distribution  in  a particular  geographical 
area,  they  serve  as  databases  against  which 
future  atlas  data  can  be  compared  to  determine 
breeding  status  trends;  thus,  the  timing  of  pub- 
lication is  not  critical,  as  long  as  results  even- 
tually are  published.  Of  course,  in  the  interim, 
the  results  are  not  readily  available — at  least 
in  bound  hard  copy — for  use  by  land  manag- 
ers and  in  support  of  conservation  initiatives. 

The  Massachusetts  BBA  is  a handsome  vol- 
ume, beautifully  illustrated,  with  easy  to  use 
range  maps,  plastic  overlays  depicting  a va- 
riety of  ecological  phenomena,  and  informa- 
tive species  accounts.  The  book  is  wider  than 
long  (8.5-10.5  inches;  21.6-26.7  cm),  and  is 
divided  into  sections,  the  first  of  which  deals 
with  the  history  of  the  Massachusetts  BBA 
project.  As  with  all  such  projects,  volunteers 
played  a critical  role,  with  more  than  600  in- 
volved in  data  collection  and  90  in  writing  the 
species  accounts.  The  basic  grid  was  com- 
posed of  189,  U.S.  Geological  Survey  (USGS) 
topographical  map  quadrangles  (7.5  minute), 
subdivided  into  6 equal  units  of  approximately 
10  square  miles  (25.9  km^)  for  a total  of  989 
blocks  within  Massachusetts.  Because  of  Mas- 
sachusetts’ relatively  small  size  and  its  abun- 
dance of  bird-oriented  people,  coverage  of  vir- 
tually every  block  was  possible.  During  the 
six  field  seasons,  workers  used  carefully  de- 
fined criteria  to  establish  the  breeding  status 
of  each  species  encountered  within  their 
blocks  as  “confirmed,”  “probable,”  and 
“possible.”  Overall,  atlas  workers  document- 


ed 198  probable  and  confirmed  species  during 
the  count  period. 

The  second  section  of  the  book  is  a discus- 
sion of  breeding  bird  distribution  in  Massa- 
chusetts, with  subsections  on  distribution  over 
geologic  time,  and  geographical  distribution. 
The  latter  includes  a discussion  of  southern 
species  that  have  expanded  their  breeding 
ranges  into  Massachusetts,  other  notable  re- 
cent additions  (e.g.,  Wilson’s  Phalarope,  Phal- 
aropus  tricolor),  and  species  that  have  been 
introduced  by  humans.  There  are  also  sub-sec- 
tions on  seasonal  distribution,  habitat  prefer- 
ence, and  breeding  bird  habitats. 

The  third  section  deals  with  Massachusetts’ 
two  major  ecoregions  and  their  subdivision 
into  13  subregions,  each  of  which  is  described 
separately  (e.g.,  Boston  Basin,  Connecticut 
Valley,  Lower  Berkshire  Hills).  An  additional 
feature  of  the  book  is  a set  of  eight,  heavy, 
transparent  plastic  overlays  that  include  towns 
and  counties,  an  index  of  USGS  quadrangles, 
ecoregions,  major  forest  types,  elevations,  ma- 
jor drainages,  annual  precipitation,  and  the  to- 
tal number  of  species  tallied  in  each  of  the 
989  atlas  blocks.  These  overlays,  and  their 
discussion  in  the  text,  facilitate  correlation  of 
breeding  bird  distribution  with  a host  of  eco- 
logical factors.  Brief  sections  on  atlas  methods 
and  criteria,  and  an  explanation  of  maps  and 
species  accounts  conclude  the  text  preceding 
the  species  accounts. 

The  bulk  of  the  book  (396  pages)  is  com- 
posed of  species  accounts  by  multiple  authors 
that  provide  information  on  breeding  habitat, 
vocalizations,  courtship,  nest  and  eggs,  incu- 
bation, chicks,  fledgling  periods,  molts,  a his- 
torical perspective  condensed  from  older  lit- 
erature, and  any  other  interesting  or  unique 
characteristics  of  the  species.  Each  account 
consists  of  two  facing  pages;  the  left-hand 
page  includes  a color  illustration  of  the  spe- 
cies and  the  bulk  of  the  text,  and  the  right- 
hand  page  contains  the  species  distribution 
map  that  takes  up  about  two-thirds  of  the 
page.  A key  with  each  map  indicates  that 
large-,  mid-,  and  small-sized  circles  represent 
confirmed  breeding,  probable  breeding,  and 
possible  breeding,  respectively.  The  number 
of  blocks  and  percentage  of  total  blocks  in 
which  a species  occurred  for  each  status  cat- 
egory is  also  provided  with  each  map.  A brief 
status  assessment  of  the  species  is  also  in- 


ORNITHOLOGICAL  LITERATURE 


195 


eluded.  Species  that  are  state  or  federally  list- 
ed are  so  noted  at  the  end  of  the  species  ac- 
count. There  are  few  in-text  references,  which 
enhances  readability. 

Most  of  the  species  accounts  were  written 
by  the  early  1980s,  but  the  editors  updated 
some  accounts,  especially  where  dramatic 
changes  in  status  had  occurred  (e.g..  Double- 
crested  Cormorant,  Phalacrocorax  auritus). 
The  bibliography  has  also  been  updated,  with 
references  as  recent  as  2002  among  the  128 
presented.  A footnote  suggests  that  readers 
who  are  interested  in  further  information  on 
status,  seasonal  distribution,  and  migratory 
behavior  should  consult  Birds  of  Massachu- 
setts (Veit  and  Petersen,  Massachusetts  Au- 
dubon Society,  1993),  a book  that  in  many 
senses  is  a companion  volume  to  the  Massa- 
chusetts BBA  (many  of  the  BBA  maps  were 
first  published  in  Birds  of  Massachusetts,  and 
much  of  the  species  account  information  is 
complementary  rather  than  overlapping). 
There  is  no  attempt  to  estimate  species  abun- 
dances, an  artifact,  perhaps,  of  the  period 
when  data  were  collected  (early  atlas  efforts 
rarely  attempted  to  estimate  abundances),  and 
no  systematic  use  of  USGS  Breeding  Bird 
Survey  data. 

Appendix  1 contains  brief  accounts  of  20 


species  that  historically  nested  in  Massachu- 
setts or  have  been  discovered  nesting  there 
since  the  atlas  period.  They  include  birds  such 
as  Manx  Shearwater  (Pujfinus  puffinus),  for 
which  there  is  a single  Massachusetts  breed- 
ing record  (the  only  recorded  breeding  in 
North  America)  in  1973  on  Penikese  Island; 
as  well  as  newer  arrivals  such  as  Black  Vul- 
ture (Coragyps  atratus),  for  which  there  is  a 
single  breeding  record  in  1984;  and  White- 
winged Crossbill  (Loxia  leucoptera),  con- 
firmed breeding  in  2001.  Appendix  2 lists 
plant  and  animal  species  mentioned  in  the 
text. 

Despite  the  early  dates  of  data  collection  that 
precluded  many  of  the  modem  analytical  tech- 
niques found  in  some  recent  atlases,  this  is  a 
very  welcome  addition  to  the  breeding  bird  at- 
lases of  North  America.  Let  us  hope  that  its 
appearance  will  stimulate  some  of  the  states 
that  have  yet  to  publish  their  atlas  data  into 
doing  so.  The  book  is  attractive  and  well  edited 
so  that  it  should  appeal  to  a more  general  au- 
dience than  some,  more  highly  technical,  atlas- 
es. It  should  be  part  of  every  academic  library, 
and  should  appeal  to  anyone  interested  in  the 
distribution  of  North  American  birds. — WIL- 
LIAM E.  DAVIS,  JR.,  Boston  University,  Bos- 
ton, Massachusetts;  e-mail:  wedavis@bu.edu 


This  issue  of  The  Wilson  Bulletin  was  published  on  12  October  2004. 
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FRONTISPIECE.  Marbled  Murrelets  (Brachyramphus  marmoratus)  in  their  preferred  nesting  habitat  in  the 
Pacific  Northwest — cool,  moist,  low-elevation,  old-growth  forest.  Painting  by  Barry  Kent  MacKay. 
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STAND-SCALE  HABITAT  ASSOCIATIONS  ACROSS  A LARGE 
GEOGRAPHIC  REGION  OP  AN  OLD-GROWTH  SPECIALIST,  THE 

MARBLED  MURRELET 

CAROLYN  B.  MEYER,'  ^ SHERRI  L.  MILLER,^  AND  C.  JOHN  RALPH^ 


ABSTRACT. — We  used  two  metrics,  occupancy  and  relative  abundance,  to  study  forest  stand  characteristics 
i believed  to  be  important  to  a threatened  seabird  that  nests  in  old-growth  forests,  the  Marbled  Murrelet  [Bra- 
chyramphus  marmoratus).  Occupancy  refers  to  murrelet  presence  or  absence  based  on  observed  bird  behaviors, 
I while  relative  abundance  refers  to  categories  of  low,  medium,  and  high  numbers  of  bird  observations  per  survey 
I in  a forest  stand.  Within  the  murrelet’s  nesting  range  in  California  and  southern  Oregon,  we  measured  habitat 
i and  climatic  variables  in  all  old-growth  stands  surveyed  for  murrelets  between  1991  and  1997.  The  two  bird 
, metrics  produced  similar  results.  In  California,  murrelets  most  often  occupied,  or  were  abundant  in,  redwood 
I {Sequoia  sempervirens)  stands  with  large  trees  (>100  cm  diameter  at  breast  height)  located  on  gentle,  low- 
; elevation  slopes  or  on  alluvial  flats  close  to  streams.  In  stands  of  the  less  flood-tolerant  Douglas-fir  {Pseudotsuga 
I menziesii)  in  southern  Oregon,  murrelets  most  often  occupied,  or  were  abundant  on,  gentle,  low-elevation,  west- 
! facing  slopes  that  were  not  close  to  streams.  Murrelets  tended  to  use  areas  farther  from  roads.  The  important 
j climatic  requirements  for  murrelet  stands  in  both  states  were  cool  temperatures  and  high  amounts  of  rainfall. 


[ Received  24  November  2003,  accepted  10  August  2004. 

The  Marbled  Murrelet  (Brachyramphus 
I marmoratus)  is  a species  of  seabird  federally 
! listed  as  threatened  in  California,  Oregon,  and 
i Washington.  It  usually  nests  in  large  trees  in 
j old-growth  or  second-growth  forests  through- 
! out  most  of  its  range,  which  extends  from 
Alaska  to  central  California  (Ralph  et  al. 
1995).  Because  of  logging,  its  nesting  habitat 
outside  of  Alaska  has  been  shrinking  rapidly 
(loss  of  83-87%  in  the  Pacific  Northwest; 
Booth  1991),  and  much  of  what  remains  is 
fragmented  (Hansen  et  al.  1991).  Some  re- 
search has  been  conducted  on  Marbled  Murre- 
let habitat  associations  at  the  landscape  and 
regional  scales  (Raphael  et  al.  1995,  Meyer  et 


'Dept,  of  Botany,  Dept.  3164,  lOOO  University 
Ave.,  Univ.  of  Wyoming,  I.aramic,  WY  82071.  U.SA. 

- Redwood  Sciences  I.ab.,  Pacitic  Southwest  Re- 
search Station,  U.S.  forest  Service.  1700  Bayview  Dr.. 
I Areata.  CA  9.S321,  USA. 

’ C(^rresponding  author:  e-mail:  meyercCo'’ uwyo.edu 


al.  2002,  Meyer  and  Miller  2002,  Miller  et  al. 
2002,  Ripple  et  al.  2003),  and  a number  of 
local  studies  (Hamer  1995,  Hamer  and  Nelson 
1995,  Kuletz  et  al.  1995,  Miller  and  Ralph 
1995)  have  also  addressed  nesting  habitat 
characteristics  at  the  stand  scale  (here,  we  de- 
fine a stand  as  a contiguous  patch  on  the  land- 
scape that  contains  large,  old  trees;  i.e.,  a 
patch  of  old-growth  forest).  However,  no  stud- 
ies have  systematically  addressed  local  stand 
characteristics  across  a large  geographic  re- 
gion. An  advantage  of  a large-scale  study  is 
that  it  is  more  likely  to  encompass  the  full 
range  of  stand  characteristics,  including  vari- 
ation in  climate.  A comprehensive  study  in 
California  and  southern  Oregon  is  particularly 
needed  because  the  area  is  at  the  southernmost 
extent  of  the  murrelet's  distribution,  where 
murrelets  arc  less  abundant  and  potentially 
susceptible  to  extirpation  ( 5,500  birds  in  our 

study  area  in  2000  ccunparetl  with  13,100 
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birds  along  a similar  length  of  coastline  to  the 
north;  Peery  et  al.  2004;  M.  H.  Huff  unpubl. 
data). 

Habitat  assessments  for  birds  over  large  re- 
gions often  are  not  possible  for  several  rea- 
sons. First,  usually  many  different  investiga- 
tors have  conducted  the  bird  surveys  using  a 
variety  of  methods;  thus,  the  data  are  not  com- 
parable across  the  region.  Second,  large  por- 
tions of  the  study  area  may  not  have  been  sur- 
veyed, creating  substantial  data  gaps.  Third, 
some  survey  methods  that  give  the  best  hab- 
itat information,  such  as  radio-telemetry,  are 
too  costly  to  conduct  over  large  areas  and  only 
provide  information  at  a local  scale.  Fortu- 
nately, due  to  its  threatened  status  and  careful 
coordination  among  investigators,  our  Mar- 
bled Murrelet  study  overcomes  most  of  these 
limitations  because  the  species  was  surveyed 
extensively  via  audio-visual  techniques  during 
the  1990s  throughout  California  and  southern 
Oregon  by  investigators  using  one  common 
protocol.  With  the  aid  of  Geographic  Infor- 
mation Systems  (GIS),  we  were  able  to  com- 
pile all  available  audio-visual  survey  data  and 
describe  local  characteristics  of  potential  nest- 
ing habitat  across  a large  region. 

One  limitation  of  our  approach  is  that,  un- 
like radio-telemetry  methods  being  used  in  a 
few  studies  in  British  Columbia  (e.g.,  Bradley 
and  Cooke  2001;  F.  Huettmann  unpubl.  data) 
and  California  (R.  T.  Golightly  pers.  comm.), 
audio-visual  surveys  do  not  identify  actual 
nest  sites;  rather,  they  identify  potential  nest 
sites  based  on  bird  behaviors  indicative  of 
nesting.  Nevertheless,  our  extensive  dataset  of 
audio-visual  surveys  (>17,000)  can  provide 
complementary  information  on  the  distribu- 
tion and  associated  habitat  characteristics  of 
birds  observed  inland  across  a large,  bi-state 
area.  Findings  based  on  extensive  analyses  are 
currently  needed  to  assist  regional  recovery 
and  conservation  efforts.  When  published, 
habitat  results  from  more  local  nest  studies 
will  further  enhance  the  interpretation  of  ex- 
tensive studies  such  as  ours  by  providing  more 
insight  regarding  the  quality  and  limitations  of 
audio-visual  surveys. 

In  other  studies  in  California  and  Oregon, 
many  stand-level  variables  such  as  mean  tree 
diameter  at  breast  height  (dbh),  aspect,  slope, 
precipitation,  temperature,  and  distance  to 
nearest  stream  were  of  relatively  lower  signif- 


icance compared  to  broader,  landscape  vari- 
ables such  as  fragmentation  and  isolation 
(Meyer  et  al.  2002,  Meyer  et  al.  2004).  None- 
theless, managers  are  now  focusing  on  these 
within-stand  variables  because  they  contribute 
additional  information  about  local  habitat 
characteristics  important  to  the  biology  and 
conservation  of  murrelets.  Clearly,  landscape 
variables  set  the  stage  for  the  presence  and 
abundance  of  murrelets,  but  local  variables 
help  clarify  stand  characteristics  preferred  by 
murrelets.  For  example,  we  would  expect 
murrelets  to  more  often  use  stands  with  the 
largest  trees.  Large  trees  potentially  have 
more  branches  with  platform-like  structures 
available  for  nesting.  Moreover,  the  nest 
stands  might  be  in  moist,  cool  areas  protected 
from  the  wind,  such  as  in  low-elevation  valley 
bottoms  or  on  gentle  slopes  near  streams — 
areas  that  may  be  ideal  for  a coldwater-adapt- 
ed  seabird  that  nests  in  the  tree  canopy  (Ralph 
et  al.  1995).  To  date,  there  have  been  no  ex- 
tensive studies  to  quantify  and  compare  such 
stand  characteristics  across  such  a large  area, 
nor  has  anyone  systematically  investigated  the 
importance  of  precipitation  and  temperature  in 
stand  sites. 

It  has  been  suggested  that  results  from  pres- 
ence/absence surveys  can  be  extrapolated  to 
predict  population  abundance  by  summing 
probabilities  of  use  within  territories  over  an 
area  (e.g.,  Boyce  and  McDonald  1999).  With 
that  approach,  only  a presence/absence  bird 
metric  would  be  needed  for  our  murrelet 
study.  However,  such  an  extrapolation  re- 
quires knowledge  of  the  size  of  the  animal’s 
territory.  Not  only  is  this  unknown  for  the 
murrelet,  but  it  is  unknown  whether  Marbled 
Murrelets  behave  territorially.  Thus,  a second 
metric,  relative  bird  abundance,  was  needed  to 
complement  presence/absence  results.  In  this 
study  we  quantified  murrelet  use  of  a given 
stand  with  both  metrics:  occupancy  (presence/ 
absence)  and  relative  abundance  (hereafter, 
“abundance”). 

Our  main  objective  was  to  characterize  in- 
land murrelet  habitat  at  the  stand  level  in  Cal- 
ifornia and  southern  Oregon,  addressing  pos- 
sible differences  in  habitat  selection  between 
two  states  that  have  distinctly  different  vege- 
tation types  and  climate.  We  also  compared 
results  using  occupancy  versus  abundance. 
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Old-growth  forest  Survey  stations 


FIG.  I.  Marbled  Murrelet  study  area  in  California  and  Oregon  showing  old-growth  forest  .stands  (black 
areas,  left  map),  and  locations  of  all  1991-1997  survey  stations  (black  areas,  right  map).  Based  on  LANDS  AT 
TM  imagery,  old-growth  stands  in  California  were  those  with  mean  tree  diameter  at  breast  height  (dbh)  >91 
cm  (dominated  by  redwood)  and,  in  Oregon,  mean  dbh  >77  cm  dbh  (dominated  by  Douglas-hr).  We  limited 
our  surveys  to  the  fog  zone  (gray  shading),  as  birds  were  rarely  found  outside  that  zone.  The  inset  illustrates 
one  clu.ster  of  survey  stations;  the  station  at  the  center  represents  the  “central  station,”  or  the  sampling  unit  in 
this  study.  All  central  stations  were  >800  m apart.  Within  a 4()0-m  radius  of  each  central  station,  we  measured 
stand  characteristics,  murrelet  occupancy  (i.e.,  whether  or  not  we  ob.served  “occupancy  behavior”  in  at  least 
one  station  in  the  circle),  and  number  of  birds  per  survey  (averaged  over  the  stations  in  the  circle). 


METHODS 

Study  area. — The  study  area  encompassed 
the  known  nesting  range  of  Marbled  Murrelets 
in  California  and  southern  Oregon  (based  on 
Meyer  1999  and  Meyer  et  al.  2002).  This  area 
extended  from  Coos  Bay,  Oregon,  south  to 
Monterey  Bay,  California,  and  inland  up  to  40 
km  from  the  coast.  Because  98%  of  land- 
scapes occupied  by  murrelets  have  been  with- 
in fog-inlluenced  vegetation  /ones  (Meyer  et 
al.  2002),  we  studied  only  those  /ones  (Fig. 
1 ).  They  included  the  redwood  {Sc(fuoia  .se/u- 


pervircn.s)  /one  in  California  and  the  western 
hemlock  {T.sui>a  hetcrophylla)  and  Sitka 
spruce  ilScea  .sitchensi.'i)  /ones  in  Oregon 
(Franklin  and  Dyrness  1973).  Douglas-fir 
(Pseudot.sui^a  menzie.sii)  is  the  dominant  tree 
species  in  the  western  hemlock  /one  and  is 
the  species  most  likely  to  be  used  as  a nest 
tree,  whereas,  in  C'alifornia,  redwood  trees  are 
used  most  often  (Hamer  and  Nelson  1995). 
Based  on  Meyer  el  al.  (2002).  the  criteria  used 
to  delineate  the  nesting  range  were  further  de- 
lined  by  elevation  aiul  distance  to  key  marine 
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features  (see  footnote  in  Table  1).  Within  this 
nesting  range,  average  maximum  temperature 
and  annual  precipitation  were  25°  C and  203 
cm  in  California  and  27°  C and  297  cm  in 
southern  Oregon,  respectively. 

Sampling  design  and  nmrrelet  indices  of 
use. — Our  study  is  a retrospective  analysis  of 
available  survey  data,  where  the  sampling  de- 
sign varied  from  area  to  area.  Surveyors  com- 
pleted 17,145  surveys  at  9,326  stations  from 
15  April  to  15  August  1991-1997  (Fig.  1). 
Forty-six  percent  of  the  survey  stations  were 
randomly  or  systematically  (in  a grid)  placed 
within  potential  murrelet  nesting  habitat  that 
contained  large  platform-like  branches;  except 
for  a few  mature  stands  surveyed  in  Oregon, 
these  were  mostly  found  in  stands  of  old- 
growth  forest  (hereafter  referred  to  as  stands). 
The  remaining  survey  stations  were  placed  in 
such  habitat  near  proposed  timber  sales.  The 
2-hr  surveys  began  45  min  before  dawn  ac- 
cording to  a standardized  protocol  for  inten- 
sive murrelet  surveys  (Ralph  et  al.  1994). 

Because  murrelets  rarely  used  stands  out- 
side the  fog-influenced  vegetation  zone,  only 
the  7,616  surveys  at  4,158  stations  that  were 
within  that  zone  were  included  in  our  analy- 
ses. From  that  set  of  stations,  349  were  se- 
lected as  “central  stations”  (Fig.  1),  each 
>800  m apart  {n  = 133  in  Oregon  and  216  in 
California).  A central  station  was  defined  as 
the  one  nearest  the  center  of  the  cluster  of 
stations  located  within  a small  (<50  ha)  stand 
or  within  a 50-ha  section  of  a large  stand  (Fig. 
1). 

To  determine  occupancy,  we  classified  a 
central  station  as  either  occupied  or  unoccu- 
pied based  on  murrelet  behaviors  indicative  of 
nesting.  A central  station  was  considered  oc- 
cupied if  any  of  the  following  behaviors  were 
observed  at  any  survey  station  within  a 400- 
m radius  (50  ha)  of  the  central  station:  a bird 
flew  below  the  canopy,  circled  above  the  can- 
opy, landed  in  the  canopy,  was  stationary  in 
a tree,  or  broken  eggshells  were  found  (Ralph 
et  al.  1994).  Central  stations  with  no  murrelets 
observed  or  heard  at  any  station  within  a 400- 
m radius  were  considered  “unoccupied.”  We 
deleted  from  the  analysis  any  central  stations 
where  birds  were  seen  or  heard  at  a station 
within  the  400-m  radius,  but  occupancy  status 
could  not  be  verified  (i.e.,  stations  had  birds 
“present”  but  no  occupying  behaviors  were 


observed).  To  ensure  91%  confidence  that  the 
remaining  unoccupied  areas  with  no  birds 
seen  or  heard  did  not  have  murrelets  “pres- 
ent” in  the  surveyed  year,  at  least  four  surveys 
must  have  been  conducted  in  1 year  within  the 
400-m  radius  area  (based  on  an  analysis  in 
Evans  Mack  et  al.  2003,  Appendix  A,  p.  40) 
before  the  central  station  was  assigned  “un- 
occupied” status  (otherwise  it  was  deleted 
from  the  analysis).  This  confidence  rate  does 
not  consider  that  the  status  of  a site  may 
change  between  years.  Most  of  our  stands 
were  not  surveyed  in  more  than  1 year  be- 
cause the  survey  protocol  initially  did  not  re- 
quire it.  During  the  later  years  of  this  study, 
there  was  a change  in  the  recommended  num- 
ber of  surveys  and  years.  To  retain  our  ample 
data  collected  during  the  early  years  of  our 
study,  we  used  the  early  survey  protocol  and 
accepted  that  some  of  the  unexplained  vari- 
ance in  our  models  would  be  due  to  some  un- 
occupied central  stations  actually  being  oc- 
cupied in  years  they  were  not  surveyed. 
Henceforth,  the  use  of  the  term  “station”  in 
this  paper  will  refer  to  the  central  station  and 
its  associated  stand  characteristics  within  the 
400-m  radius  circle  surrounding  the  central 
station  (Fig.  1). 

Our  index  of  abundance  was  the  total  num- 
ber of  standardized  bird  detections  observed 
during  each  survey  averaged  over  all  surveys 
conducted  within  400  m of  the  central  station. 
Each  visual  or  auditory  observation  of  a sin- 
gle bird  or  group  of  birds  was  considered  one 
“detection.”  In  each  state,  the  total  number  of 
detections  was  standardized  by  applying  a 
multiplier  to  adjust  for  seasonal  variations 
over  time.  On  average,  detections  peak  in  July 
in  both  California  (O’Donnell  et  al.  1995)  and 
Oregon  (Jodice  and  Collopy  2000).  For  the  12 
consecutive  10-day  periods  starting  with  15 
April,  the  multipliers  were  1.14,  1.81,  1.22, 
1.36,  1.12,  1.40,  1.29,  0.93,  0.81,  0.59,  0.61, 
and  1.14.  These  multipliers  are  the  ratio  of  the 
mean  number  of  detections  for  the  entire  sur- 
vey season  divided  by  the  mean  for  each  10- 
day  period  obtained  from  pooled  surveys  at 
three  long-term  (1989-1995)  monitoring  sites 
in  northern  California  (Miller  and  Ralph 
1995). 

On  average,  six  surveys  contributed  to  the 
final  mean  number  of  murrelet  detections  as- 
signed to  a central  station.  Because  differenc- 


Meyer  et  al.  • FOREST  STAND  CHARACTERISTICS  EOR  MURRELETS 


201 


(U 


O c/3  C 

O ^ 

.2^7 

^ M B 

> .2 

o ^ ^ 

^ <D 

s 

o o 

c/3  (N 

0 § V 

- ^ 

« - ° 

7 "S  ■£ 

C/D  CJ  {/3 

^ g § 

<u  , 

u ^ 2 

1 o - 

S 7 

"t;  <u  (u 

2 3 a. 


c/3  (U 

OJ  O 
D,  C 
O 

M E 

c 

(D  ^ 

DXi  g 

■B  o 

* : 

(U  — 


t:  o 

.Wj 

c/3 


y 5 

^ g S 

T3  3 C 
.2  ^ 
D-.-S  - 

3 ^ ^ 
5^  i 


o 5 


C c2 

0 « 

1 '-s 

> c^ 

— -2 
1j  3 

si 

(u  'C 

I 2 

o 

s--  C 

<D  ^ 

° 2 

O X) 

o 
c 

CJ 
OJ 
Cl 


V c: 

^ > 

(i:i  > 


CL  -5 

^ i 


^ -2  ^ 


Oj  .—  w 

2 2 y. 

V zc 


A ^ 


2 


■-  " 

SL  7 


o ■;: 


;/:  OJ 

2 ^ 


3 .2  3 ;; 

^ y 


^sz^^z-y- 

C/^  r-  .2  ;jr  X = 

+1  5 3 

^ ~ O 2|J  > 


j-'  O y, 

•“  2 2 “ 


— = T/  - 2C 

-c  5 . 

3 II g II 

< a 1 1 5 a 

H 2 >-  2 i '“* 


© 

© 

os 

<N 

ov 

© 

00 

ov 

vO 

o 

ov 

m 

vD 

04 

VO 

o 

© 

© 

oo 

VO 

Ov 

© 

© 

r< 

(N 

o 

00 

r< 

00 

ov 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

d 

V V 


^ \D 

r-'~-<^os^.  m^o\  in 
m-^^(NOOm(Nm,y3— ' 

- O II 

q c 

oo(N'^ONOOr^m':j-  ■^o^ 
m \D  r--  I r-  (N  o^  oo 
^ — (N  ' m 


^ n Tt  ^ O 

VO  >n  ^ o o — ^ 


r-  IT)  o o vo  vc 

vO  O I (N  CX) 

vo  in  (N 


P 

r^-i 

O 

m 

ov 

04 

ov 

04 

in 

Ov 

CN 

P 

in 

vO 

C-; 

o 

, — , 

0^ 

O' 

r< 

fO 

r- 

04 

o 

O 

04 

04 

ro 

o 

o 

04 

m 

' — ' 

' — ^ 

' — ' 

' — ' 

' — ' 

' — ^ 

' — ' 

' — ' 

' — ^ 

' — ' 

' — ' 

' — ' 

' — ' 

' — ' 

' — ^ 

11 

04 

II 

m 

VO 

O 

o 

m 

—1 

00 

(N 

o 

ro 

d 

d 

in 

oo 

vO 

in 

OO 

d 

d 

O' 

00 

ro 

0" 

OV 

1 

r< 

04 

ov 

OV 

ov 

1 

04 

00 

04 

04 

m 

m 

04 

^00  O ^ 

_ — ' '^  in  in 

(~v)  m 


^ ' O (N  O 

(N  Ov  — I 
CN  m ' 


O © O ^ ^ 

© O O O ov 

© ® © ® d 

V V V 


ITi 

^ o . 

O tn  (N  m 


q 

d 00  in  (N 
(N  (N  OV 
m — 


^ © 
O 00  © fh 

O in  © © 

— d ® ® 

V 


r-- 
t-.  in 


^ S ^ ^ ^2 

ov  m o O 


m in  On  o 
— ' — ' ^ 00 
in  m 


Tj-  00 

m o 
d d 
I 


^ vO 
(N  ^ 


vO  vO 
(N  OV 
(N 


r- 

d d 


^ © m -:r 

©inr^^©ooTt(N 
©m(Nr^©in©(N 

©ddddddd 

V 


o rn  ^ 

-It  C 


in  00  — 
Ov 

(N  (N 


in  ^ in  ~ CM  Tt  (N  vC 
OV  (N  ov  O — On) 
(N  — -It  -i- 


(N)  -t  ^ — !n 

3 <N  vC  r^. 


sC  — 
(N  OV 
rj 


00  sC  -i- 
00  (^1  — 
ri  ri 


2 U 


3^22 
1C  z.  -j  d c: 


iH  = _ ill  I II 

*“  2 2 oij  E ^ x.^  2 '.j 

2 - 2 2 2 2^--  !=  ”' 

“ Cl-  ^ — 


o 


l2  x: 


5 -I’  z < 


y — 

— ^ 

■Jr. 


•‘  In  ('.ilitornia.  murrclei  nesting  range  was  delined  as  that  part  of  the  fog  zone  occurring  at  <880  m elevation,  <42  km  from  marine  areas  with  high  spring  chlorophyll,  and  <50  km  from  submarine  canyons.  In  Oregon, 
nesting  range  was  that  part  of  the  fog  zone  -'018  m elevation  and  ^38.5  km  from  marine  areas  with  high  summer  chlorophyll.  Only  a few  occupied  stations  were  found  outside  these  areas  (Meyer  1999). 

^ l)bh  values  were  available  only  from  the  nonhern  border  of  California  to  Point  Reyes  National  Seashore,  yielding  samples  sizes  (/;)  of  20,  60,  and  42  for  low-,  medium-,  and  high-abundance  stations,  respectively. 

^ Some  slopes  in  California  were  0 (no  aspect);  thus,  aspect  ii  82  for  unoccupied  and  1 18  for  occupied  stations. 

•'  /’  value  for  f-test  with  unequal  variances  (Kruskal-Wallis,  /’  0.034). 
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es  between  observers,  daily  survey  conditions, 
or  daily  murrelet  activity  can  cause  murrelet 
survey  results  to  vary,  even  when  averaged 
over  six  surveys  (Jodice  et  al.  2001),  we  as- 
signed means  to  four  levels  of  detections: 
zero,  low  (<2),  medium  (2-15),  and  high 
(>15),  and  used  the  categories,  rather  than  the 
actual  means,  in  our  analyses.  Such  category 
boundaries  are  useful  for  showing  differences 
in  landscape  variables  (Meyer  et  al.  2002). 

We  assumed  that  the  abundance  metric  was 
positively  correlated  to  the  number  of  nesting 
birds  in  a stand  or  section.  To  what  extent  this 
is  true  is  unclear.  The  number  of  birds  detect- 
ed may  be  biased  by  the  size  of  the  forest 
canopy  opening  (Rodway  and  Regehr  2000), 
skill  of  the  observer,  weather,  the  flight  path 
of  the  birds  from  the  ocean  to  the  nest  site,  or 
by  the  high  variability  in  number  of  birds  de- 
tected during  each  survey  at  a station  (Jodice 
and  Collopy  2000,  Buckland  et  al.  2001,  Jod- 
ice et  al.  2001).  Although  the  occupancy  met- 
ric also  can  be  biased  by  these  factors,  such 
problems  probably  would  be  associated  with 
the  abundance  metric  more  than  with  the  more 
robust  occupancy  metric  (Rodway  and  Regehr 
2000).  Thus,  we  compared  the  interpretation 
of  the  results  of  the  two  methods  to  assess 
whether  such  biases  might  have  occurred. 

Forest  stand  variables. — We  recorded  ele- 
vation, slope,  aspect  (using  90-m  digital  ele- 
vation models),  and  distance  to  nearest  stream 
or  major  road  (identified  with  1:100,000  dig- 
ital line  graphs)  from  each  central  station.  To 
create  linear  variables  from  a circular  distri- 
bution, aspect  was  divided  into  an  east-west 
component  using  the  sine  of  the  aspect  and  a 
north-south  component  using  the  cosine  of  the 
aspect  (in  radians).  Sine  and  cosine  values 
range  from  1 to  - 1 , where  positive  values 
represent  eastern  and  northern  aspects  and 
negative  values  represent  western  and  south- 
ern aspects  (Briggler  and  Prather  2003). 

The  annual  precipitation  and  maximum 
temperature  for  the  summer,  averaged  over  the 
survey  period  (1991-1997),  were  measured  at 
each  station  using  PRISM  (Parameter-Eleva- 
tion Regressions  on  Independent  Slopes  Mod- 
el) at  a 4-ha  resolution  (Spatial  Climate  Anal- 
ysis Service,  Oregon  State  University,  http:// 
www.ocs.orst.edu/prism).  This  analytical 
model  interpolates  station  data  for  monthly 
and  annual  climate,  accounting  for  orographic. 


coastal,  and  hillslope  exposure  effects,  and 
distributes  such  data  onto  a regular  grid  across 
the  landscape  (Daly  et  al.  2002). 

The  estimated  mean  dbh  of  canopy  conifers 
in  each  stand  was  obtained  for  each  station  in 
northern  California  only  (Point  Reyes  Nation- 
al Seashore  to  northern  border)  from  a CIS 
database  in  ARC/INFO  developed  by  the  Cal- 
ifornia Timberland  Task  Force  (1993).  Esti- 
mates of  mean  tree  dbh  for  each  stand  on  a 
4-ha  resolution  CIS  map  were  derived  using 
remote  sensing  techniques  (spectral  signatures 
compared  to  ground  observations)  from 
LANDSAT  Thematic  Mapper  (TM)  imagery. 
Unfortunately,  the  expected  accuracy  of  the 
mean  dbh  for  each  stand  in  our  study  was  not 
available.  However,  this  remote  satellite  ap- 
proach was  effective  in  identifying  the  size 
class  >91  cm  dbh  (82.8%  accuracy;  Califor- 
nia Timberland  Task  Force  1993),  and  the  dbh 
datasets  appeared  reasonable  given  our  knowl- 
edge of  some  areas.  The  quadratic  mean  di- 
ameter at  breast  height  (QMD)  was  used  to 
estimate  the  mean  stand  dbh.  QMD  is  a mea- 
sure applicable  to  the  Marbled  Murrelet  be- 
cause it  emphasizes  the  dbh  of  large  trees.  The 
formula  weights  dbh  by  the  percent  tree  cover 
(cover)  contributed  by  that  size  tree: 

n 

• cover, 

QMD  = , 

2]  cover, 

(=1 

where  / is  the  i‘^  class  of  n dbh  classes. 

Statistical  analyses. — We  used  either  non- 
parametric  Kruskal- Wallis  tests  or  r-tests  with 
unequal  variances  (a  = 0.05;  Sokal  and  Rohlf 
1981)  to  detect  differences  in  mean  ranks  or 
means  of  forest  stand  variables  (1)  between 
occupied  and  unoccupied  stations,  and  (2) 
among  the  abundance  categories  of  occupied 
stations.  Both  tests  identified  almost  the  same 
set  of  variables  as  significant  (one  exception, 
shown  in  Table  1),  even  though  many  vari- 
ables had  highly  skewed  distributions  (thus, 
the  Kruskal-Wallis  test  was  used  for  most 
comparisons).  To  evaluate  whether  abundance 
provided  useful  information  beyond  that  pro- 
vided by  occupancy,  stations  with  zero  abun- 
dance (unoccupied  stations  already  used  in  the 
occupancy  analysis)  were  not  included  in  the 
comparison  of  abundance  categories. 


Meyer  et  al.  • FOREST  STAND  CHARACTERISTICS  EOR  MURRELETS 


203 


We  used  multiple  logistic  regression  to  pre- 
dict murrelet  use  and  assess  the  effect  of  hab- 
itat variables  in  combination.  Binary  logistic 
regression  was  used  to  relate  occupancy  to 
habitat  variables.  Ordinal  logistic  regression 
was  used  to  relate  murrelet  abundance  (zero 
to  high  categories)  to  the  variables.  Ordinal 
logistic  regression  creates  three  regressions 
with  parallel  slopes  but  different  intercepts, 
where  each  category  is  contrasted  with  the 
highest  abundance  category.  For  the  ordinal 
logistic  regressions,  we  added  the  zero  cate- 
gory to  the  other  three  abundance  categories 
to  include  the  full  range  of  abundance  levels. 

For  each  regression  analysis,  we  developed 
1 5 candidate  a priori  model  combinations  that 
were  the  most  biologically  meaningful.  We 
calculated  Akaike’s  Information  Criterion 
(AIC^,  corrected  for  sample  size)  for  each 
model  in  SAS  (SAS  Institute,  Inc.  1990).  The 
models  were  ranked  by  AAIC^,  and  the  models 
with  AAIC,  < 2 (which  had  the  highest  Akai- 
ke  weights)  were  selected  as  the  best  models 
(Burnham  and  Anderson  2002).  Multicollin- 
earity  was  not  a problem  (Neter  et  al.  1989) 
because  no  two  variables  were  highly  corre- 
lated (all  r < 0.6);  models  also  met  the  as- 
sumption of  linearity  (Neter  et  al.  1989). 

The  predictability  of  the  logistic  regressions 
was  assessed  by  comparing  Somers’  d among 
the  models.  To  calculate  Somers’  d,  all  pos- 
sible pairs  of  stations  are  compared,  where 
each  in  the  pair  is  in  a different  category.  For 
example,  in  the  occupancy  models,  the  pro- 
portion of  such  pairs  in  which  the  occupied 
station  has  a higher  predicted  probability  of 
occupancy  than  the  unoccupied  station  is  re- 
corded as  the  proportion  of  concordant  pairs. 
This  proportion  is  adjusted  to  range  from  — 1 
to  1 . Zero  is  no  correlation  and  1 or  — 1 is 
perfect  positive  or  negative  correlation  be- 
tween observed  and  predicted  occupancy 
(Harrell  2001). 

RESULTS 

Tree  size. — In  California,  dbh  was  greater 
in  occupied  stands  than  in  unoccupied  stands 
(dbh  data  were  unavailable  for  Oregon;  fable 
1 ).  Only  54%  of  stations  in  the  fog  zone  with 
mean  dbh  between  100  anti  140  cm  were  oc- 
cupied, whereas  almost  all  (91%)  stations  with 
larger  tree  sizes  were  occupied  (Fig.  2A).  fhe 
majority  (79%)  of  stations  in  the  fog  zone 


with  mean  tree  dbh  below  100  cm  were  not 
occupied.  Mean  dbh  was  much  larger  inside 
than  outside  of  the  fog  zone  (where  occupied 
behaviors  suggestive  of  nesting  generally  do 
not  occur;  Fig.  2B).  At  the  occupied  stations, 
dbh  did  not  significantly  differ  across  murrelet 
abundance  categories  (Table  1). 

Elevation. — Occupied  stations  averaged 
188  and  168  m lower  in  elevation  than  un- 
occupied stations  in  California  and  southern 
Oregon,  respectively  (Table  1).  Elevation  was 
lower  at  high-abundance  stations  in  California 
{P  < 0.001)  but  not  in  Oregon  {P  = 0.79; 
Table  1).  The  difference  in  elevation  between 
stations  with  zero  and  high  abundance  (>15 
detections  per  survey)  was  significant  in  both 
states  (Kruskal-Wallis,  P < 0.001). 

Location  in  drainage. — Slope,  aspect,  and 
distance  to  nearest  stream  provide  insight  into 
locations  within  a drainage  potentially  used 
for  nesting.  In  southern  Oregon,  location  in 
the  drainage  did  not  differ  between  occupied 
and  unoccupied  stations,  except  that  occupied 
stations  were  more  west-facing  than  unoccu- 
pied stations  (Table  1).  In  contrast,  slope  in 
California  differed  between  occupied  and  un- 
occupied stands  and  across  the  three  abun- 
dance categories;  unoccupied  stations  had 
slopes  (12°)  that  were  three  times  steeper  than 
the  slopes  of  high-abundance  stations  (4°).  Al- 
though occupied  stations  were  significantly 
closer  to  streams  (291  m)  than  unoccupied  sta- 
tions (359  m)  in  California,  there  was  no  dif- 
ference among  abundance  categories  in  dis- 
tance to  stream  (Table  1 ).  In  contrast  to 
Oregon,  aspect  in  California  did  not  differ  be- 
tween occupied  or  abundance  categories. 

Distance  to  roads. — California  stations  with 
high  bird  abundance  were  significantly  closer 
to  roads  than  were  stations  with  medium  or 
low  abundance,  but  distance  to  roads  did  not 
differ  between  occupancy  categories.  Road 
distance  was  not  significantly  related  to  oc- 
cupancy or  abundance  in  Oregon  (Table  1 ). 

Cli/fiate. — In  California,  occupied  and  high- 
abundance  stations  had  cooler  maximum  sum- 
mer temperatures  than  unoccupied  stations 
(Table  1 ).  remperatures  were  2°  C cooler  at 
occupied  stations,  and  3°  C’  cooler  at  high- 
abundance  stations.  In  southern  Oregon,  oc- 
cupied stations  were  significantly  cooler  than 
unoccupied  stations  but  temperatures  did  not 
ditTcr  among  abundance  categories.  Precipi- 
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FIG.  2.  From  1991  to  1997  in  California,  occupancy  by  Marbled  Murrelets  was  highest  in  old-growth  stands 
with  a large  mean  tree  diameter  at  breast  height  (dbh)  of  canopy  trees,  especially  in  the  fog  zone.  A = inside 
fog  zone,  B = outside  fog  zone. 


tation  results  were  less  clear.  Precipitation  was 
not  significantly  related  to  either  occupancy  or 
abundance  in  southern  Oregon  or  to  abun- 
dance in  California.  However,  occupied  sta- 
tions in  California  were  significantly  drier 
than  unoccupied  stations. 

Variables  in  combination. — The  best  binary 
logistic  regression  model  in  California  (pre- 
dicting occupancy)  included  tree  size,  maxi- 
mum temperature,  elevation,  and  precipitation 
(first  model;  Table  2).  Based  on  Akaike 
weights,  this  model  had  about  twice  the  sup- 
port for  being  the  best  model  compared  with 
the  two  next-best  combinations  of  variables 
(evidence  ratios  of  the  weights  between  two 
compared  models  ranged  from  1.8  to  2.1); 
these  models  had  the  same  variables  but  also 
included  slope  (second  model)  or  distance  to 
road  (third  model).  All  three  models  (AAIC^ 
< 2;  Table  2)  indicate  murrelets  occupied 
stands  on  low-elevation,  cool,  moist,  gentle 
slopes  with  large  trees  in  areas  farther  from 
roads. 

The  best  ordinal  logistic  regression  (abun- 


dance) in  California  also  included  dbh,  tem- 
perature, elevation,  precipitation,  and  slope 
(first  model;  Table  3).  Based  on  the  evidence 
ratio,  this  model  had  2.7  X the  support  of  the 
next-best  model.  Similar  to  the  occupancy 
models,  these  models  indicate  that  murrelets 
were  most  abundant  in  low  elevation,  cool, 
moist  stands  with  gentle  slopes  and  large 
trees.  The  predictability  (Somers’  d)  of  the  oc- 
cupancy models  was  higher  than  that  of  the 
abundance  models  (Tables  2 and  3). 

The  best  binary  logistic  regression  model 
for  southern  Oregon  included  elevation,  east- 
west  aspect,  precipitation,  and  distance  to 
stream,  indicating  that  murrelets  occupied 
sites  that  were  often  on  low-elevation,  high- 
precipitation,  west-facing  slopes  far  from 
streams  (first  model;  Table  2).  The  next  three 
best  models  of  occupancy  (AAIC^  < 2)  had 
about  one-third  less  support  for  being  the  best 
model  (Table  2). 

The  first  four  ordinal  logistic  regression 
models  (abundance)  for  Oregon  included  ele- 
vation, east-west  aspect,  distance  to  stream,  or 
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TABLE  2.  The  top  three  (where  AAIC,.  < 2)  of  the  five  best  candidate  binary  logistic  regression  models — 
ranked  in  order  of  AAIC^ — indicate  that  stands  occupied  by  Marbled  Murrelets  in  California  had  larger  mean 
tree  dbh,  lower  elevations,  cooler  temperatures,  greater  precipitation,  flatter  slopes,  and  were  farther  from  roads 
{n  = 207)  than  unoccupied  stands.  In  Oregon,  the  top  four  models  (AAIC^  < 2)  indicate  that  occupied  stands 
were  on  west-facing  aspects  at  lower  elevations  with  greater  precipitation  and  were  farther  from  streams  {n  = 
133)  than  unoccupied  stands.  K = number  of  parameters. 


Model 

K 

AICc 

AAICc 

Akaike 

weight 

Somers’  d 

California 

Dbh,  elevation,  temperature,  precipitation 

5 

143.97 

0.00 

0.334 

0.866 

Dbh,  elevation,  temperature,  precipitation,  slope 

6 

145.08 

1.11 

0.191 

0.870 

Dbh,  elevation,  temperature,  precipitation,  road 

6 

145.42 

1.45 

0.162 

0.868 

Dbh,  elevation,  temperature,  precipitation,  road,  slope 

7 

146.34 

2.37 

0.102 

0.872 

Dbh,  elevation,  temperature,  precipitation,  stream 

5 

147.19 

3.22 

0.067 

0.868 

Southern  Oregon 

Elevation,  east,  precipitation,  stream 

5 

162.92 

0.00 

0.230 

0.528 

Elevation,  east,  precipitation 

4 

163.69 

0.77 

0.156 

0.502 

Elevation,  east 

3 

163.90 

0.98 

0.141 

0.486 

Elevation,  east,  stream 

4 

163.90 

0.98 

0.141 

0.498 

Elevation,  east,  north,  precipitation 

5 

165.45 

2.53 

0.065 

0.498 

I precipitation  in  various  combinations;  Akaike 
I weight  did  not  strongly  separate  these  models 

i (Table  3).  The  fifth-best  model,  which  includ- 

i ed  distance  to  road,  had  a lower  Akaike 
I weight  but  still  had  AAIC^  < 2;  thus,  it  is  also 
a comparatively  good  model.  Overall,  the 
! Oregon  models  had  lower  predictability  than 
the  California  models  (Somers’  Tables  2 
and  3). 


DISCUSSION 

Assuming  that  occupied  stands  are  used  for 
nesting,  our  study  suggests  that  Marbled 
Murrelets  prefer  to  nest  in  cool,  moist,  low- 
elevation  stands  of  old-growth  forest  that  con- 
tain the  largest  trees.  Estimates  of  murrelet 
abundance  within  occupied  stands  added  ad- 
ditional information  on  habitat  requirements, 
often  when  the  relationship  between  habitat 


TABLE  3.  The  top  model  (AAIQ  < 2)  of  the  best  five  candidate  ordinal  logistic  regression  modefs — ranked 
in  order  of  increasing  AAIC,. — indicates  that  Marbled  Murrelets  in  California  were  most  abundant  in  stands  with 
large  trees  at  lower  elevations,  cooler  temperatures,  greater  precipitation,  and  flatter  slopes  (/?  = 207).  For 
Oregon,  the  top  five  models  (AAIC,.  < 2)  indicate  that  murrelets  were  most  abundant  in  stands  with  west-facing 
aspects,  lower  elevations,  greater  precipitation,  and  which  were  farther  from  streams  and  roads  than  sites  where 
murrelets  were  less  abundant  (n  = 133).  K = number  of  parameters. 

Akaike 

Model  K AlC,  AAIC,  weight  Somers’  li 


California 


1 Dbh,  elevation,  temperature,  precipitation,  slope 

8 

384.14 

0.00 

0.469 

0.730 

i Dbh,  elevation,  temperature,  precipitation,  slope. 

road 

9 

386. 1 5 

2.01 

0.172 

0.730 

j Dbh,  elevation,  temperature,  precipitation,  slope. 

stream 

9 

386.32 

2.18 

0.157 

0.730 

Dbh,  elevation,  temperature,  slope,  stream 

8 

387.19 

3.05 

0.102 

0.722 

1 Dbh,  elevation,  temperature,  precipitation,  slope. 

stream,  road 

10 

388.36 

4.22 

0.057 

0.730 

' vSouthern  Oregon 

Elevation,  east 

5 

200.80 

0.(K) 

0.196 

0.366 

Elevation,  east,  precipitation 

6 

297.33 

0.53 

0.150 

0.380 

Elevation,  east,  stream 

6 

297.76 

0.96 

0.121 

0.372 

Elevation,  east,  precipitation,  stream 

7 

297.77 

0.97 

0.121 

0.389 

Elevation,  east,  road 

6 

298.07 

1.27 

0.104 

0.362 
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variables  and  occupancy  (presence/absence) 
was  strong  (Table  1).  Overall,  the  interpreta- 
tion of  the  results  was  similar,  whether  using 
the  occupancy  or  abundance  metric  (Tables  2 
and  3). 

Tree  size. — As  expected  based  on  previous 
research,  murrelets  in  California  most  consis- 
tently used  stands  with  the  largest  trees.  As 
tree  size  decreased,  stands  were  often  unoc- 
cupied, especially  those  with  mean  dbh  <100 
cm.  Other  studies  in  Oregon,  Washington,  and 
Alaska  have  shown  similar  trends  (Rodway  et 
al.  1993,  Grenier  and  Nelson  1995,  Hamer 
1995,  Kuletz  et  al.  1995).  Larger  trees  often 
have  more  potential  nest  platforms  than  small- 
er trees  (Hamer  1995,  Naslund  et  al.l995),  al- 
though, as  Hamer  (1995)  postulated,  epiphytes 
on  some  smaller  trees  can  effectively  thicken 
branches,  thus  providing  platforms  for  nest 
sites. 

Slope  position. — As  predicted,  murrelets  in 
California  most  often  used  cool,  moist,  forests 
on  gentle,  low-elevation  slopes  near  the  bot- 
tom of  drainages  where  the  largest  trees  grow. 
Similarly,  birds  in  southern  Oregon  used  cool- 
er and  moister  low-elevation  areas,  but  not  as 
low  as  in  California.  Unlike  California  murre- 
lets, the  Oregon  birds  tended  to  use  west-fac- 
ing slopes  farther  from  streams,  and  the  steep- 
ness of  the  slope  was  not  important.  The  dif- 
ference in  slope  position  and  distance  from 
stream  may  be  due  to  differences  in  dominant 
tree  species  used  for  nests  between  the  two 
states.  Unlike  redwood  trees,  which  grow 
largest  along  alluvial  flats  in  California  (Agee 
1993),  coastal  Douglas-fir  in  Oregon  is  not 
adapted  to  flooding  and  does  not  grow  well 
adjacent  to  streams  (Stone  and  Vasey  1968). 
Thus,  in  Oregon,  the  best  nest  platforms  may 
be  in  the  largest  Douglas-fir  trees,  which  are 
farther  from  streams  and  higher  on  the  hill- 
side. 

Data  from  other  studies  support  our  finding 
that  forests  with  mostly  flood-intolerant  tree 
species  may  have  more  murrelet  occupancy 
higher  on  the  hillside — in  contrast  to  forests 
with  flood-tolerant  tree  species  that  may  have 
the  best  nesting  sites  at  lower  elevation,  on 
gentler  slopes,  and  in  flood-prone  areas.  In 
central  Oregon  just  north  of  our  study  area, 
where  the  more  flood-intolerant  Douglas-fir 
was  the  dominant  tree  used  by  murrelets,  oc- 
cupied stands  were  mostly  on  the  gentler 


slopes  of  middle  and  upper  portions  of  hill- 
sides (Grenier  and  Nelson  1995).  In  a Wash- 
ington study  that  included  areas  dominated  by 
flood-intolerant  Douglas-fir  trees,  as  well  as 
other  tree  species  used  by  murrelets  that  were 
more  tolerant  of  flooding  [western  red  cedar 
{Thuja  plicata)  and  Sitka  spruce;  Duddles  and 
Fitzgerald  1998],  the  probability  of  murrelet 
occupancy  of  a stand  was  highest  on  lower  to 
middle  portions  of  the  hillside,  and  increased 
as  slope  increased  (Hamer  1995).  A study  of 
45  actual  nest  sites  across  the  Pacific  North- 
west showed  that,  on  average,  nests  were  lo- 
cated on  the  lowest  slopes  in  California,  on 
the  highest  in  Oregon,  and  on  intermediate 
slope  positions  in  Washington  (Hamer  and 
Nelson  1995),  corresponding  to  the  proportion 
of  the  dominant  tree  species  that  are  flood- 
tolerant.  Although  there  may  have  been  a bias 
because  areas  were  not  randomly  searched  to 
locate  nests,  the  trend  in  that  nest  study  is  sug- 
gestive. 

One  study  does  not  support  our  finding  that 
areas  with  flood-tolerant  tree  species  have 
more  murrelet  use  near  the  bottom  of  drain- 
ages. In  a recent  study  of  157  actual  nest  sites 
in  British  Columbia  forests  near  Desolation 
and  Clayoquot  sounds,  murrelets  avoided  flat 
areas  (F.  Huettmann  unpubl.  data)  even  though 
the  forests  had  many  flood-tolerant  species.  It 
is  difficult  to  compare  our  study  area  with 
British  Columbia  because  slopes  in  our  area 
are  not  as  steep  and  the  large  avalanche  chutes 
that  are  commonly  found  in  British  Columbia 
do  not  occur  in  Oregon  and  California.  More 
research  is  needed  to  evaluate  the  relation- 
ships between  tree  size  and  number  of  poten- 
tial nesting  platforms  in  relation  to  position  on 
slope  and  tree  tolerance  to  flooding. 

Elevation. — The  apparent  preference  of 
Marbled  Murrelets  for  nesting  in  relatively 
low-elevation  sites  (not  necessarily  at  the  bot- 
tom of  valleys)  appears  to  be  fairly  consistent 
across  its  range  from  Alaska  to  California 
(Rodway  et  al.  1993,  Burger  1995,  Grenier 
and  Nelson  1995,  Hamer  1995,  Kuletz  et  al. 
1995,  Miller  and  Ralph  1995,  Manley  1999). 
One  might  argue  that  lower-elevation  sites 
tend  to  be  closer  to  the  coast,  and,  thus,  in- 
creased use  could  be  due  to  closer  proximity 
to  marine  habitat.  However,  studies  in  Cali- 
fornia and  southern  Oregon  have  shown  that 
low  elevation  is  important  even  when  prox- 
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imity  to  marine  habitat  has  been  taken  into 
account  (Meyer  and  Miller  2002,  Meyer  et  al. 
2002). 

For  studies  in  which  low  elevation  was 
found  to  be  important  to  murrelet  use,  only 
Rodway  et  al.  (1993),  Miller  and  Ralph 
(1995),  and  this  study  clearly  demonstrate  that 
the  elevation  effect  is  related  to  slope  position, 
with  murrelets  more  often  occupying  stands  at 
the  bottom  of  local  major  drainages  rather 
than  occupying  ridge  tops.  On  a more  regional 
scale,  murrelets  also  may  be  responding  to 
less  favorable  vegetation  conditions  that  occur 
as  elevation  increases  (Burger  1995,  Hamer 
1995).  For  example,  in  Washington  and  Brit- 
ish Columbia,  high-elevation  trees  such  as  sil- 
ver fir  {Abies  amabilis)  and  mountain  hemlock 
{Tsuga  mertensiana)  may  be  smaller  and  have 
fewer  platform  branches  than  trees  that  occur 
at  low  elevations — such  as  western  hemlock, 
western  red  cedar,  Douglas-fir,  and  Sitka 
spruce  (Rodway  et  al.  1993,  Hamer  1995). 
However,  murrelets  readily  nested  in  high-el- 
evation (>800  m)  forests  composed  of  moun- 
tain hemlock  and  yellow  cedar  (Chamaecy- 
paris  nootkatensis)  in  British  Columbia  (Man- 
ley  1999,  Bradley  2002),  even  though  they 
marginally  preferred  forests  at  elevations  of 
<800  m (F.  Huettmann  unpubl.  data).  Al- 
though they  may  prefer  lower  elevations, 
murrelets  readily  use  high-elevation  forests. 

Murrelets  probably  are  responding  to  fac- 
tors correlated  to  elevation,  rather  than  to  el- 
evation itself.  High  elevations  along  ridge  tops 
may  be  used  less  because  branch  growth  need- 
ed to  develop  nest  platforms  may  be  less  op- 
timal (Daniel  1942),  or  wind  damage  may  be 
higher.  Also,  fog — which  provides  cooler  con- 
ditions for  nesting  birds  and  obscures  a pred- 
ator’s view  of  nests — burns  off  more  quickly 
on  ridge  tops. 

Climate. — As  predicted,  murrelets  used  rel- 
atively cool  forest  stands  with  high  amounts 
of  precipitation  (mostly  rain).  Although  we 
hypothesized  that  such  areas  would  be  used 
by  a coldwater-adapted  seabird  (Ralph  et  al. 
1995),  more  use  could  also  result  if  cool, 
moist  environments  promote  more  epiphyte 
growth  on  branches  (i.c.,  suitable  nest  sites). 
In  California,  birds  often  occupied  drier  areas 
(Table  1),  but  once  tree  size  was  taken  into 
account,  the  areas  of  greater  precipitation  had 
greater  occupancy.  In  regard  to  tcmpcratiirc. 


other  studies  have  shown  that  murrelets  avoid 
warm  areas,  even  where  suitable  nest  sites  are 
available  (Dillingham  et  al.  1995,  Hunter  et 
al.  1998).  Our  study  is  the  first  to  show  that, 
even  within  the  fog  zone,  murrelets  appear  to 
prefer  moist  areas  with  the  coolest  tempera- 
tures. Laboratory  studies  on  the  physiological 
tolerances  of  murrelets  are  needed  to  help  val- 
idate this  apparent  preference. 

Distance  to  roads. — When  elevation  was 
taken  into  account  (Tables  2 and  3),  regression 
analyses  showed  that  sites  used  by  murrelets 
were  often  farther  from  roads  than  sites  with- 
out murrelets.  We  obtained  this  result  even 
though  birds  might  be  detected  more  easily  at 
survey  stations  near  roads.  In  a previous 
study,  wherein  the  level  of  fragmentation  in 
old-growth  forest  was  taken  into  account, 
murrelets  were  most  abundant  in  sites  farther 
from  roads  (Meyer  et  al.  2002).  These  results 
suggest  that  human  disturbance  and  noise 
along  roads  may  reduce  murrelet  use  of  an 
area. 

Potential  biases  in  indices  based  on  audio- 
visual surx’eys. — We  used  occupancy  as  an  in- 
dex to  murrelet  nesting,  and  abundance  as  an 
index  to  number  of  nesting  murrelets  in  a 
stand.  These  metrics  may  be  poor  proxies  for 
nesting  if  they  are  biased  by  survey  station 
placement.  Rodway  and  Regehr  (2000) 
showed  that  audio-visual  survey  sites  near 
streams  often  have  larger  canopy  openings 
than  sites  farther  from  streams,  making  it  pos- 
sible to  detect  more  birds  and  more  below- 
canopy  flight  or  circling,  two  major  behaviors 
used  to  classify  a site  as  occupied.  Conse- 
quently, detections  may  be  upwardly  biased  in 
low-elevation  valley  bottoms  with  gentle 
slopes,  even  when  the  birds  have  no  prefer- 
ence for  using  such  areas.  Moreover,  murrelet 
abundance  may  be  inllated  if  the  birds  use 
streams  as  travel  corridors  (Rodway  and  Re- 
gehr 2()()0).  We  detected  higher  occupancy 
and  abundance  in  valley  bottoms  in  Califor- 
nia, possibly  due  to  (his  bias;  hov\cvcr.  results 
in  Oregon  did  not  show  the  same  (rend,  fhe 
lower  |')rcdictability  of  our  abiiiulancc  models 
suggests  that  such  biases  and  the  high  daily 
variability  in  luimber  of  detectit)us  made  it 
more  tlifliciilt  to  detect  a sigiiilicant  relation- 
ship  between  abuiulance  iuul  luibitat  \ariables 
than  between  oceupancy  ami  the  same  \ari- 
ables.  More  actual  nest  sites  need  to  be  iden- 
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tified  in  our  study  area  using  unbiased  tech- 
niques, so  that  our  results  for  occupancy  and 
abundance,  both  of  which  are  affected  by  de- 
tectability, can  be  compared  with  results  of 
other  studies. 

In  summary,  our  results  suggest  that  recov- 
ery efforts  for  murrelets  in  our  study  area 
should  focus  on  protecting  cool,  moist,  low- 
elevation  stands  of  old-growth  forest  with  the 
largest-dbh  trees,  and  that  these  areas  should 
be  far  from  roads.  In  California,  redwood 
stands  along  alluvial  flats  adjacent  to  streams 
should  be  given  high  priority,  and,  in  southern 
Oregon,  the  low-elevation  Douglas-fir  stands 
higher  on  hillsides  should  be  given  priority. 
This  information,  along  with  landscape  and 
regional-level  results  from  other  studies,  can 
help  managers  prioritize  recovery  efforts. 
More  research  is  needed  to  establish  the  link 
between  occupancy,  abundance,  and  nest  den- 
sity to  verify  our  conclusions. 
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NORTHERN  TALLGRASS  PRAIRIE 
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W.  DANIEL  SVEDARSKY3 


ABSTRACT. — Basic  nesting  information  on  grassland  passerines  is  needed  for  improving  grassland  bird 
management.  Among  the  information  needs  are  (1)  the  suitability  of  nesting  habitat,  (2)  periods  during  the 
breeding  season  in  which  birds  are  most  vulnerable  to  disturbances,  and  (3)  how  to  fit  grasslands  into  a priori- 
tization scheme  for  conservation.  Comparisons  of  nesting  parameters  among  grassland  species  will  help  identify 
important  management  considerations.  We  describe  and  compare  nest-site  characteristics,  nesting  phenology, 
clutch  size,  hatching  and  fledging  success,  and  brood  parasitism  by  Brown-headed  Cowbirds  {Molothnis  ater) 
for  three  grassland  passerine  species  nesting  in  tallgrass  prairie  of  northwestern  Minnesota  and  southeastern 
North  Dakota.  During  1998-2002,  we  found  793  Clay-colored  Sparrow  (Spizella  pallida),  687  Savannah  Sparrow 
{Passerculiis  sandwichensis),  and  315  Bobolink  (Dolichonyx  oryzivoriis)  nests.  These  species  differed  in  many 
aspects  of  their  breeding  ecology.  Clay-colored  and  Savannah  sparrows  initiated  their  nests  almost  2 weeks 
earlier  than  Bobolinks,  with  peak  nesting  occurring  in  June.  Clutch  size  was  lower  (3.77  ± 0.03  SE)  for  Clay- 
colored  Sparrows  than  Savannah  Sparrows  (4.13  ± 0.05)  and  Bobolinks  (5.25  ± 0.08).  The  number  of  host 
eggs  hatched  per  nest  was  higher  in  Bobolinks  (3.46  ± 0.20)  than  in  Clay-colored  Sparrows  (2.52  ± 0.09)  and 
Savannah  Sparrows  (2.41  ± 0.11),  but  the  number  of  young  fledged  per  Bobolink  nest  (1.97)  was  similar  to 
that  of  Savannah  Sparrows  (2.01).  Clay-colored  Sparrows  fledged  only  1.35  host  young  per  nest.  Mayfield  nest 
success  was  higher  for  Savannah  Sparrows  (31.4%)  than  for  Clay-colored  Sparrows  (27.4%)  or  Bobolinks 
(20.7%).  The  main  cause  of  nest  failure  was  nest  predation:  predation  in  Clay-colored  Sparrows  (47.9%)  was 
higher  than  in  Savannah  Sparrows  (33.5%)  but  similar  to  Bobolinks  (41.8%).  Brood  parasitism  was  lower  in 
Clay-colored  Sparrows  (5.1%)  than  in  Bobolinks  (10.8%),  and  intermediate  (6.7%)  in  Savannah  Sparrows. 
Compared  with  most  other  studies,  grassland  bird  nests  in  our  study  area  were  more  successful  and  less  frequently 
parasitized;  thus,  northwestern  Minnesota  and  southeastern  North  Dakota  appear  to  provide  important  breeding 
habitat  for  grassland  birds.  Received  5 August  2003,  accepted  29  July  2004. 


Even  though  many  species  of  grassland 
birds  have  experienced  sharp  population  de- 
clines in  the  last  four  decades  (Peterjohn  and 
Sauer  1999),  we  still  know  little  about  the  nat- 
ural histories  of  most  grassland-nesting  bird 
species.  To  better  understand  these  population 
declines  and  to  develop  effective  management 
guidelines,  we  need  basic  information  on  the 
natural  history  of  the  species,  including 
knowledge  of  nesting  ecology.  Specifically, 
more  information  is  needed  on  ( 1 ) nest-site 
characteristics — to  determine  whether  a spe- 
cific habitat  is  suitable  for  nesting  of  a given 
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species,  (2)  the  timing  of  nesting  and  changes 
in  breeding  performance  (clutch  size  and  nest 
success)  over  the  breeding  season — to  deter- 
mine the  periods  in  which  grassland  birds  are 
most  vulnerable  to  disturbances  such  as  hay- 
ing, and  (3)  general  breeding  performance  of 
a species  [including  clutch  size,  hatching  and 
fledging  success,  and  brood  parasitism  by 
Brown-headed  Cowbirds  (Molot/irn.s  afcr)\ — 
to  prioritize  prairie  patches  in  conservation 
plans.  A comparison  of  these  parameters 
among  species  will  indicate  which  should  be 
considered  in  managing  for  a given  species 
and  whether  species  are  likely  to  respond  sim- 
ilarly to  certain  management  actions.  Such 
comparisons  might  also  suggest  whether  in- 
dicator species  would  be  valid  tools  for  man- 
aging grassland  birds. 

In  this  paper,  we  describe  and  compare 
brcctling  parameters  of  three  grassland  species 
nesting  in  some  of  the  largest  patches  of  na- 
tive tallgrass  prairie  remaining  in  Minnesota 
and  North  Dakota:  C'lay-coloretl  Sparrow 
{Spizella  pallida).  Savannah  Sparrow  (fSisscr- 
eidn.s  .sandw'ielien.sis).  and  Bobolink  {Doliclio- 


212 


THE  WILSON  BULLETIN  • Vol.  116,  No.  3,  September  2004 


TABLE  1.  Number  {n)  and  combined  area  of  study  plots,  and  number  of  nests  found  for  Clay-colored 
Sparrows  (CCSP),  Savannah  Sparrows  (SAVS),  and  Bobolinks  (BOBO)  in  tallgrass  prairie  in  Minnesota  (Crooks- 
ton  and  Glyndon  regions)  and  North  Dakota  (Sheyenne  National  Grassland),  1998-2002. 


Area 


Region 

Year 

n 

(ha) 

CCSP“ 

SAVS 

BOBO 

Crookston 

1998 

10 

101.94 

22 

49 

23 

1999 

12 

124.72 

86 

150 

27 

2000 

1 1 

121.37 

32 

143 

24 

2001 

12 

120.58 

119 

135 

69 

2002 

3 

40.52 

13 

29 

11 

Glyndon 

1998 

11 

1 15.06 

75 

21 

25 

1999 

9 

95.33 

119 

25 

20 

2000 

9 

95.33 

93 

25 

18 

2001 

10 

104.23 

63 

20 

31 

Sheyenne 

1999 

9 

101.13 

55 

27 

9 

2000 

8 

99.86 

62 

44 

22 

2001 

9 

113.95 

54 

19 

36 

® Number  of  nests  found  differs  from  that  given  in  the  following  tables  because  not  all  nests  could  be  used  for  each  analysis. 

nyx  oryzivoms).  During  1966-1999,  these 
species  declined  in  abundance  across  North 
America  (Sauer  et  al.  2003). 

The  breeding  ecology  of  our  focal  species 
is  summarized  in  Knapton  (1994)  and  De- 
chant et  al.  (2003a)  for  Clay-colored  Spar- 
rows; in  Wheelwright  and  Rising  (1993)  and 
Swanson  (2003)  for  Savannah  Sparrows;  and 
in  Martin  and  Gavin  (1995),  Swanson  (1996), 
and  Dechant  et  al.  (2003b)  for  Bobolinks. 
Most  studies  in  these  reviews  had  been  con- 
ducted in  portions  of  the  species’  ranges  dif- 
ferent from  our  study  area  or  on  island  pop- 
ulations (for  Savannah  Sparrows;  Dixon  1978, 
Wheelwright  and  Mauk  1998),  or  they  were 
based  on  relatively  small  sample  sizes  (Lein 
1968,  Koford  1999).  Nesting  data  collected  in 
relatively  large  and  intact  grassland  habitats 
are  expected  to  reflect  higher  breeding  success 
and  lower  brood  parasitism  by  Brown-headed 
Cowbirds  than  documented  in  other  regions 
(Herkert  et  al.  2003).  Data  from  such  “high- 
quality”  areas,  therefore,  can  serve  as  a base- 
line for  comparisons  with  other  habitats.  Such 
data  are  often  lacking  because  large,  intact 
patches  of  prairie  are  rare,  and  sample  sizes 
are  low  because  nests  can  be  difficult  to  locate 
(Winter  et  al.  2003).  The  large  number  of 
nests  (n  — 1,795)  that  we  found  over  a large 
regional  (three  regions  approximately  50  km 
apart)  and  temporal  (1998-2002)  scale  in 
some  of  the  largest  remnants  of  native  tail- 
grass  prairie  likely  provide  reliable  baseline 
data  for  future  prioritization  schemes. 


METHODS 

Study  area. — We  searched  for  grassland 
bird  nests  in  33  permanent  study  plots  that 
were  established  in  patches  of  native  prairie 
located  in  three  regions  of  the  northern  tail- 
grass  prairie:  the  Crookston  and  Glyndon  re- 
gions in  northwestern  Minnesota  (1998- 
2002),  and  the  Sheyenne  region  at  Sheyenne 
National  Grassland  in  southeastern  North  Da- 
kota (1999-2001;  Table  1).  The  Crookston 
and  Sheyenne  regions  were  located  about  50 
km  north  and  about  50  km  southwest,  respec- 
tively, from  the  centrally  located  Glyndon  re- 
gion. In  2002,  our  study  was  limited  to  three 
plots  in  the  Crookston  region.  All  prairie 
patches  were  on  U.S.  Fish  and  Wildlife  Ser- 
vice, U.S.  Forest  Service,  State  of  Minnesota, 
or  Nature  Conservancy  lands  (Winter  et  al. 
2001).  Prairies  in  the  Crookston  and  Glyndon 
regions  were  managed  with  prescribed  burn- 
ing, whereas  Sheyenne  prairies  were  managed 
with  rotational  grazing.  Because  management 
regime  was  confounded  with  region,  we  could 
not  differentiate  between  management  and  re- 
gional effects,  and  therefore  did  not  address 
management  questions. 

Study  plots  were  selected  based  on  unifor- 
mity of  vegetation  structure  within  and  among 
plots,  with  a preference  for  areas  of  sparse 
cover  by  shrubs  (mostly  western  snowberry 
Symphoricarpos  occidentalism  and  meadow- 
sweet Spiraea  alba)  or  trees  (quaking  aspen 
Populus  tremuloides  and  willow  Salix  spp). 
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The  median  (5th-95th  percentile)  cover  by 
shrubs  and  trees  within  study  plots  was  0.7% 
(0-12%),  and  the  median  (5th-95th  percen- 
tile) cover  by  shrubs  and  trees  within  1 km  of 
study  plots  was  9.6%  (1.5-29.3%).  Some 
study  plots  were  purposefully  chosen  adjacent 
to  areas  with  high  percent  tree  cover  for  eval- 
uating landscape  influence  on  breeding  grass- 
land birds  (Winter  et  al.  2001;  MW  unpubl. 
data).  The  number  of  study  plots  varied  slight- 
ly among  years,  depending  on  accessibility 
and  burning  regime  (Table  1).  Study  plots 
were  established  by  placing  wooden  stakes  or 
flags  at  50-m  intervals  along  parallel  transects 
that  were  100  m apart.  Depending  on  the  size 
of  the  prairie  patch,  the  size  of  study  plots 
varied  between  1.65  and  20.64  ha  (mean  = 
11.22  ± 0.88  ha),  with  small  prairie  patches 
containing  smaller  study  plots  than  large 
patches. 

Field  methods. — We  searched  for  nests  of 
the  three  most  common  grassland  birds.  Clay- 
colored  and  Savannah  sparrows  and  Bobo- 
links, between  15  May  and  31  July  each  year. 
Nests  were  found  by  flushing  birds  from  nests 
while  walking  systematically  or  haphazardly 
through  the  study  plots,  or  by  behavioral  ob- 
servations (see  Winter  et  al.  2003).  We 
marked  each  nest  with  a pink  surveyor  flag  5 
m north  of  the  nest  and  revisited  nests  every 
2-4  days  to  determine  outcome.  A nest  was 
considered  successful  if  at  least  one  young  of 
the  parental  species  fledged,  and  it  was  con- 
sidered parasitized  if  it  contained  at  least  one 
egg  or  young  of  a Brown-headed  Cowbird. 
The  number  of  young  fledged  was  assumed  to 
be  equal  to  the  number  of  young  observed  on 
the  last  nest  check  if  we  did  not  find  any  in- 
dication of  nest  loss.  We  determined  nest  ini- 
tiation dates  by  backdating  nests  with  known 
hatching  or  fledging  dates,  assuming  that  one 
egg  was  laid  per  day  and  that  incubation  start- 
ed with  the  last  egg  laid. 

After  fledging  or  failure,  we  measured  nest- 
site  characteristics  at  five  locations:  directly  at 
the  nest  and  0.5  rn  from  the  nest  in  each  car- 
dinal direction  (Winter  1999).  At  each  loca- 
tion we  estimated  percent  cover  of  bare 
ground,  grass,  forb,  litter  (dead  plant  materi- 
al), and  shrub  within  a 20  X 50  cm  Dauben- 
mire  frame  (Daubenmire  1959).  We  placed  a 
meter  stick  about  5 cm  from  each  outer  corner 
of  the  Daubenmire  frame  to  measure  the 


height  of  the  highest  plant  touching  the  stick 
(“vegetation  height”)  and  litter  depth.  “Litter 
depth”  was  defined  as  the  depth  at  which  dead 
plant  material  lying  at  an  angle  of  less  than 
45°  completely  covered  a ruler  when  viewed 
from  the  side.  We  placed  a Robel  pole  (Robel 
et  al.  1970)  in  the  middle  of  each  Daubenmire 
frame  and  took  visual  obstruction  readings  to 
the  nearest  0.5  dm  at  a distance  of  4 m from 
each  cardinal  direction.  We  determined  the  av- 
erage values  for  ground  cover,  vegetation 
height,  litter  depth,  and  visual  obstruction  for 
the  five  locations,  and  used  those  average  val- 
ues in  all  analyses.  At  each  nest,  we  measured 
the  height  (cm)  above  ground  of  the  bottom 
of  the  nest  cup  and  determined  the  nest  sub- 
strate (bare  ground,  grass,  forb,  litter,  or 
shrub).  “Nest  substrate”  was  defined  as  the 
substrate  on  which  >50%  of  the  nest  was 
built.  We  also  estimated  what  percent  of  a nest 
was  covered  by  vegetation  when  viewed  from 
above,  and  the  distance  (m)  between  the  nest 
and  the  closest  shrub  and  tree. 

Data  analyses. — Winter  et  al.  (in  press) 
demonstrated  that  nest  success  did  not  vary 
enough  among  years  and  regions  to  be  de- 
tected statistically.  Therefore,  we  combined 
data  from  all  regions  and  years.  However,  be- 
cause nesting  parameters  will  always  vary 
somewhat  among  regions  and  years,  we  took 
this  variation  into  account  by  including  region 
and  year  as  random  effects  in  all  analyses.  We 
also  included  year  as  a repeated  effect,  be- 
cause nests  were  found  on  the  same  prairies 
during  several  years.  We  compared  nest-site 
characteristics,  nest  phenology,  and  different 
parameters  of  breeding  performance  among 
species  with  the  Tukey-Kramer  test  of  multi- 
ple comparisons  in  PROC  MIXED  (SAS  In- 
stitute, Inc.  1999).  We  analyzed  data  on  (1) 
the  initiation  dates  for  the  first  nest;  (2)  the 
percentage  of  nests  with  bare  ground,  litter, 
forb,  or  shrubs  as  the  main  substrate;  (3)  the 
percentages  of  unsuccessful  nests,  nests  with 
partial  depredation,  and  parasitized  nests;  and 
(4)  the  average  values  for  nest-site  character- 
istics, clutch  size,  number  of  eggs  hatched, 
and  number  of  young  flcdgctl.  In  each  analy- 
sis, each  spccies-ycar-study  plot  ccunbination 
was  represented  by  a single  data  point.  Lor  all 
analyses  except  nest  initiation  and  clutch  size, 
we  excluded  study  plots  on  which  we  found 
fewer  than  five  nests  of  a given  species;  thus. 
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sample  size  (/?)  equals  the  number  of  study 
plots  on  which  we  found  >4  nests  of  a spe- 
cies. The  number  of  nests  used  to  determine 
clutch  size,  hatching  success,  and  fledging 
success  differs  from  the  number  of  nests  used 
to  describe  nest-site  characteristics  because 
we  were  not  able  to  relocate  some  nests  after 
they  were  terminated.  In  addition,  some  nests 
were  part  of  an  allied  study  in  which  we  used 
miniature  video  cameras  at  nest  sites  to  deter- 
mine the  types  of  nest  predators  visiting  a 
nest.  We  did  not  include  nest-fate  data  from 
camera-monitored  nests  because  of  the  poten- 
tial influence  that  video  cameras  had  on  nest 
success  (Pietz  and  Granfors  2000),  but  we  did 
include  those  nests  in  our  summary  of  nest- 
site  characteristics. 

While  we  evaluated  whether  a species’ 
clutch  size  changed  during  the  breeding  sea- 
son using  PROC  MIXED  (SAS  Institute,  Inc. 
1999),  the  binomial  (success/fail)  nature  of 
data  on  nesting  success  made  other  analysis 
procedures  necessary.  For  these  data,  we  used 
the  GLIMMIX  macro  (Wolfinger  and 
O’Connell  1993)  in  conjunction  with  Shaffer’s 
logistic-exposure  model  (Shaffer  2004,  see 
below).  For  the  analysis  of  clutch  size,  we  ex- 
cluded nests  that  were  discovered  after  hatch- 
ing to  minimize  the  possibility  that  clutch  size 
had  been  reduced  by  partial  predation.  We 
used  Akaike’s  Information  Criterion  (AIC; 
Anderson  et  al.  2000)  to  determine  which  of 
seven  different  date  models  best  described 
seasonal  changes  in  clutch  size  and  nest  suc- 
cess. The  date  models  included  date  in  linear, 
squared,  linear  plus  squared,  logarithmic,  ex- 
ponential, linear  plus  exponential,  or  categor- 
ical form.  To  compare  clutch  size,  number  of 
eggs  hatched,  and  number  of  fledglings  be- 
tween parasitized  and  nonparasitized  nests  of 
the  same  species,  we  used  PROC  TTEST 
(SAS  Institute,  Inc.  1999).  Results  are  pre- 
sented as  percentages  or  as  means  ± SE. 

We  calculated  two  estimates  of  nest  suc- 
cess: (1)  Mayfield  estimates  (Mayfield  1975), 
and  (2)  estimates  from  logistic-exposure  mod- 
els (Shaffer  2004).  To  calculate  the  number  of 
exposure  days  for  the  Mayfield  estimate,  we 
determined  the  mid-point  between  the  penul- 
timate and  the  ultimate  date  of  nest  checking. 
The  number  of  exposure  days  for  nests  with 
unknown  fate  included  only  the  number  of 
days  until  the  penultimate  date  of  nest  check- 


ing (Manolis  et  al.  2000).  Standard  errors  for 
daily  nest  survival  rates  follow  Johnson 
(1979).  Whereas  the  Mayfield  method  re- 
quires nests  to  be  grouped  into  discrete  cate- 
gories, the  logistic-exposure  method  allows 
each  nest  to  have  unique  values  of  covariates. 
Therefore,  this  method  is  more  appropriate 
when  investigating  factors  that  might  influ- 
ence nest  success.  For  this  analysis,  we  split 
the  data  into  two  nesting  intervals  (before  and 
after  the  penultimate  check  date),  such  that  the 
number  of  observation  intervals  used  in  the 
analysis  is  greater  than  the  number  of  nests. 
To  estimate  the  probability  of  nest  survival 
over  the  nesting  period  (incubation  and  nest- 
ling stages),  we  took  the  daily  nest  survival 
rates  derived  from  the  Mayfield  estimates  and 
from  the  logistic-exposure  models  to  the  fol- 
lowing exponents:  20  (days)  for  Clay-colored 
Sparrow,  21.5  for  Savannah  Sparrow,  and  24 
for  Bobolink  (Ehrlich  et  al.  1988). 

RESUFTS 

We  found  1,795  nests  of  the  three  species: 
793  Clay-colored  Sparrow  nests,  687  Savan- 
nah Sparrow  nests,  and  315  Bobolink  nests. 
Nest-site  characteristics  of  Clay-colored  Spar- 
rows differed  greatly  from  those  of  Savannah 
Sparrows  and  Bobolinks,  whereas  nest  sites  of 
Savannah  Sparrows  and  Bobolinks  were  more 
similar  to  each  other  (Table  2).  Clay-colored 
Sparrows  placed  their  nests  more  frequently 
in  shrubs  and  less  frequently  in  litter.  Conse- 
quently, Clay-colored  Sparrow  nests  were 
higher  above  ground,  the  vegetation  surround- 
ing the  nest  had  less  grass  and  litter  cover  and 
more  shrub  cover,  vegetation  was  taller,  visual 
obstruction  readings  were  higher,  and  nests 
were  situated  closer  to  shrubs  and  trees  than 
those  of  the  other  two  species.  Nest  substrates 
were  similar  for  Savannah  Sparrows  and  Bob- 
olinks. Both  species  placed  their  nests  most 
frequently  within  thick  clumps  of  litter  and 
least  frequently  in  shrubs,  but  they  also  dif- 
fered in  several  nest-site  characteristics  (Table 
2):  Savannah  Sparrow  nests  had  a higher  per- 
centage of  nest  cover,  and  the  area  surround- 
ing the  nests  had  a slightly  higher  percentage 
of  bare  ground.  In  addition,  vegetation  was 
shorter  at  Savannah  Sparrow  nests  than  at 
Bobolink  nests. 

The  earliest  nest  initiation  dates  were  17 
May  for  Clay-colored  Sparrows,  15  May  for 
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TABLE  2.  Nest-site  characteristics  of  three  passerine  species  nesting  in  tallgrass  prairie  in  Minnesota  and 
North  Dakota,  1998-2002.  Means  sharing  the  same  letter  (within  rows)  are  not  significantly  different  {P  > 0.05). 


Clay-colored  Sparrow 

Savannah  Sparrow 

Bobolink 

Nest  characteristic^ 

.V 

SE 

X 

SE 

X 

SE 

Nest  substrate  (%)^ 

Bare  ground 

0.2  A 

1.5 

5.9  B 

1.7 

3.4  AB 

2.1 

Grass 

8.9  A 

2.2 

9.5  A 

2.7 

13.9  A 

3.2 

Eorb 

10.4  A 

1.8 

1.1  B 

2.1 

6.0  AB 

2.6 

Litter 

33.2  A 

3.3 

79.5  B 

3.9 

74.2  B 

4.8 

Shrub 

42.9  A 

2.4 

0.3  B 

2.9 

0.7  B 

3.5 

Nest  cover  (%) 

71.0  AB 

1.8 

77.2  A 

2.0 

67.1  B 

2.5 

Nest  height  (cm) 

13.5  A 

0.4 

0.2  B 

0.5 

0.1  B 

0.6 

Ground  cover  (%) 

Bare  ground 

0.9  AB 

0.3 

1.7  B 

0.3 

0.3  A 

0.4 

Grass 

27.3  A 

1.2 

35.1  B 

1.4 

35.3  B 

1.7 

Eorb 

21.1  A 

1.3 

20.2  A 

1.5 

22.6  A 

1.9 

Litter 

29.2  A 

1.3 

41.5  B 

1.5 

38.6  B 

1.9 

Shrub 

21.4  A 

0.1 

1.3  B 

1.2 

2.6  B 

1.5 

Litter  depth  (cm) 

4.9  A 

0.3 

4.0  B 

0.3 

4.8  AB 

0.4 

Vegetation  height  (cm) 

48.7  A 

1.0 

33.2  B 

1.1 

39.1  C 

1.4 

Visual  obstruction  (dm) 

3.8  A 

0.1 

1.7  B 

0.1 

2.1  B 

0.2 

Distance  (m)  of  nest  to 

Shrubs 

11.0  A 

3.3 

32.7  B 

3.7 

36.8  B 

4.7 

Trees 

99.2  A 

21.5 

219.8  B 

24.3 

192.9  B 

30.6 

^ We  used  average  nest  characteristics  for  each  species,  region,  year,  and  study  plot,  excluding  prairies  in  which  <5  nests  were  found;  n = 137  plot- 
years  for  the  analysis  on  nest  substrate;  ii  = 134  for  all  other  analyses. 

^ Nest  substrate  was  defined  as  that  on  which  >50^  of  the  nest  was  built. 


Savannah  Sparrows,  and  29  May  for  Bobo- 
links (Fig.  1).  Dates  of  nest  initiation  did  not 
differ  between  Savannah  Sparrows  and  Clay- 
colored  Sparrows  {P  = 1.00),  whereas  nest 
initiation  for  Bobolinks  was  about  2 weeks 
later  than  that  of  the  other  two  species  (both 
comparisons:  P < 0.001,  n = 248).  Clay-col- 
ored Sparrows  initiated  most  nests  between 
mid-May  and  the  end  of  June.  For  Savannah 
Sparrows,  nest  initiations  were  most  frequent 
between  late  May  and  mid-June,  but  peaks  in 
nest  initiation  were  inconsistent  among  years 
and  regions.  Bobolinks  initiated  most  of  their 
nests  from  early  to  mid-June;  almost  no  nests 
were  initiated  in  July.  The  single  nesting  peak 
during  a relatively  short  breeding  season  pro- 
vides evidence  for  single-brooding  of  Bobo- 
links in  our  study  region. 

For  each  species,  clutch  si/.e  generally  de- 
creased during  the  breeding  season  (Fig.  2). 
The  best  model  describing  changes  in  clutch 
size  included  both  linear  and  squared  values 
of  date.  For  Clay-colored  Sparrows,  the  best 
model  (Akaike  weight  = 0.83,  //  = 582)  was 


more  than  nine  times  as  well  supported  as  the 
next  best  model  that  included  the  squared  date 
alone  (Akaike  weight  = 0.09),  whereas  the 
best  model  for  Savannah  Sparrows  (Akaike 
weight  = 0.62)  was  less  than  three  times  as 
well  supported  as  the  null  model  (Akaike 
weight  = 0.23,  n = 387).  For  Bobolinks,  the 
best  model  (Akaike  weight  = 0.29,  n = 184) 
did  not  clearly  differ  from  models  that  includ- 
ed date  as  squared,  linear,  logarithmic,  or  lin- 
ear plus  exponential  value  (each  model  had  an 
Akaike  weight  >0.08). 

Probability  of  daily  nest  survi\al  decreased 
with  time  during  the  breeding  season  in  Clay- 
colored  Sparrows  and  Bobolinks  (Fig.  3).  The 
best  model  for  both  Clay-colored  Sparrows 
(Akaike  weight  = 0.33,  n = 776)  and  Bobo- 
links (Akaike  weight  = 0.40,  n = 312)  in- 
cluded the  logarithmic  transformation  of  date. 
FA'cn  though  these  models  were  better  than  the 
null  model  (which  hatl  an  Akaike  weight  of 
zero),  tlaily  nest  survival  was  not  preeisely  es- 
timated because  of  the  large  standard  errors 
(Pig.  3).  Linear  aiul  (.|uatlratic  forms  ol  date 
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EIG.  1.  Number  of  nests  initiated  within  5-day  periods  for  three  passerine  species  nesting  in  northern  tallgrass 
prairie  in  Minnesota  (Crookston  and  Glyndon  regions)  and  North  Dakota  (Sheyenne  National  Grassland),  1998- 
2002.  Dates  of  nest  initiation  were  calculated  by  backdating  from  nests  with  known  hatching  or  fledging  dates; 
vertical  lines  distinguish  the  month  in  which  nests  were  initiated. 


were  also  well  supported  in  both  species 
(Akaike  weight  > 0.25).  Daily  nest  survival 
of  Savannah  Sparrows  did  not  change  with 
time  in  the  breeding  season  (Fig.  3):  the  null 


model  was  better  supported  (Akaike  weight  = 
0.82,  n = 665)  than  any  model  that  included 
date. 

The  most  important  cause  of  nest  failure 
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FIG.  2.  Changes  in  clutch  size  during  the  breeding  season  for  three  species  of  grassland  birds  nesting  in 
northern  tallgrass  prairie  in  Minnesota  and  Nortli  Dakota,  I998-2002.  Each  tilled  circle  represents  the  mean 
clutch  size  (±  SF2)  by  date.  Curves  indicate  predicted  values  for  the  best-fitting  model  that  included  date  as  a 
linear  and  squared  term  in  a mixed  model  analysis.  For  Bobolinks,  no  line  is  sliown  because  no  single  model 
best  fit  the  data. 
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LIG.  3.  Estimated  daily  nest  survival  (derived  from  the  logistic-exposure  method,  Shaffer  2004)  ± SE  for 
Clay-colored  Sparrows  (filled  circles,  n = 776  nests).  Savannah  Sparrows  (open  circles,  n = 665),  and  Bobolinks 
(triangles,  n — 312)  at  different  times  during  the  breeding  season  in  northern  tallgrass  prairie  in  Minnesota  and 
North  Dakota,  1998-2002. 


was  nest  predation,  followed  by  nest  abandon- 
ment (Table  3).  Nest  predation  was  higher  for 
Clay-colored  Sparrows  than  for  Savannah 
Sparrows,  and  was  intermediate  in  Bobolinks. 
In  only  a few  cases  did  hosts  rear  only  cow- 
birds  (Table  3).  The  percentage  of  abandoned 
nests  was  similar  among  species  (each  com- 
parison: P > 0.05),  and  its  main  cause — ex- 
cept for  unknown  factors — was  partial  nest 
predation  (Table  3).  However,  we  cannot  be 
certain  whether  partial  nest  predation  occurred 
before  or  after  the  nest  was  abandoned.  Other 
causes  of  nest  failure  were  of  minor  impor- 
tance. Daily  nest  survival  was  highest  for  Sa- 
vannah Sparrows,  regardless  of  the  estimation 
method  (Table  4).  Mayfield  daily  survival 
rates  were  slightly  lower  than  those  calculated 
with  the  logistic-exposure  method  (Table  4). 

Clutch  size  was  lowest  for  Clay-colored 
Sparrows  and  highest  for  Bobolinks  (Fig.  2, 
Table  5).  Even  though  the  number  of  eggs 
hatched  per  nest  was  similar  between  Clay- 
colored  and  Savannah  sparrows,  the  number 
of  host  young  fledged  per  nest  was  higher  for 
Savannah  Sparrows  (Table  5),  probably  be- 
cause nest  predation  was  higher  in  Clay-col- 
ored Sparrows  (Table  3).  Compared  with  Sa- 


vannah Sparrows,  Bobolinks  had  a larger 
clutch  size  and  more  eggs  that  hatched.  In 
spite  of  this  difference,  the  number  of  young 
fledged  per  nest  was  similar  between  Bobo- 
links and  Savannah  Sparrows,  possibly  be- 
cause complete  and  partial  nest  predation 
were  higher  for  Bobolinks  than  for  Savannah 
Sparrows  (Table  3). 

Brood  parasitism  was  lower  for  Clay-col- 
ored Sparrows  than  for  Bobolinks  {P  = 0.017, 
n = 135),  whereas  it  did  not  differ  between 
Savannah  Sparrows  and  either  Clay-colored 
Sparrows  or  Bobolinks  (each  comparison:  P 
> 0.24;  Table  3).  The  number  of  cowbird  eggs 
per  parasitized  nest  was  lower  for  Clay-col- 
ored Sparrows  than  for  Savannah  Sparrows  {P 
= 0.028,  n — 34)  but  did  not  differ  from  that 
for  Bobolinks  (P  = 0.64;  Table  5).  Parasitized 
nests  had  smaller  host  clutch  sizes  than  non- 
parasitized  nests  for  Clay-colored  Sparrows  (r 
= 2.92,  P = 0.016,  n = 335),  Savannah  Spar- 
rows (r  - 2.30,  P = 0.034,  n = 238),  and 
Bobolinks  (r  = 1.79,  P = 0.077,  n = 103; 
Table  5).  For  each  species,  the  number  of  host 
eggs  hatched  in  nonparasitized  nests  was 
higher  than  in  parasitized  nests  (Clay-colored 
Sparrows:  t = 3.55,  P < 0.001,  n = 393;  Sa- 
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TABLE  3.  Causes  of  egg  and  nestling  mortality  for  three  passerine  species  nesting  in  northern  tallgrass 
prairie  in  Minnesota  and  North  Dakota,  1998-2002.  Means  sharing  the  same  letter  (within  rows)  are  not  signif- 
icantly different  {P  > 0.05). 


Clay-colored  Sparrow 
(/)  = 781)" 

Savannah  Sparrow 
(n  = 675)" 

Bobolink 
(/;  = 314)" 

Complete  nest  loss  due  to 
Predation  (%) 

47.9  A 

33.5  B 

41.8  AB 

Weather  (%) 

1.4  A 

1.5  A 

1.9  A 

Trampling  (%) 

1.3  A 

0.6  A 

2.5  A 

Cowbird  parasitism  (%)*’ 

0.8  A 

1.5  A 

1.6  A 

Burning  (%) 

0.4  A 

0.0  A 

0.0  A 

Abandonment  (%y 

8.8  A 

6.4  A 

8.0  A 

Partial  predation  (%) 

30.8 

25.6 

36.0 

Cowbird  parasitism  (%) 

16.2 

18.6 

12.0 

Banding  (%)‘* 

14.7 

20.9 

12.0 

Weather  (%) 

2.9 

1 1.6 

16.0 

Unknown  cause  (%) 

35.4 

23.3 

24.0 

Unknown  fate  (%) 

0.4 

0.6 

1.0 

Partial  predation  at  any  nesting  stage  (%) 

9.3  A 

9.5  A 

13.7  B 

Cowbird  parasitism  (%)^ 

5.1  A 

6.7  AB 

10.8  B 

® Number  of  nests  used  in  the  analysis. 

Nests  were  completely  lost  to  cowbirds  if  cowbirds  removed  all  eggs  or  young  from  the  nest. 

Includes  only  those  nests  that  were  known  to  be  abandoned  or  not  (CCSP:  n = 776,  SAVS:  n = 668,  BOBO:  n = 311). 

^ As  part  of  a study  on  annual  return  rates  (T.  M.  Donovan  unpubl.  data),  some  birds  were  banded  in  the  Crookston  region. 
^ Percentage  of  nests  parasitized  by  Brown-headed  Cowbirds. 


I vannah  Sparrows:  t = 2.95,  P < 0.001,  n = 
302;  Bobolinks:  t = 1.89,  P = 0.061,  n = 123; 
Table  5).  Consequently,  more  host  young 
fledged  from  nonparasitized  than  from  para- 
sitized nests  (Clay-colored  Sparrow:  t = 5.77, 
P < 0.001,  n = 778;  Savannah  Sparrow:  t = 
13.46,  P < 0.001,  n = 669;  Bobolink:  t = 
5.15,  P < 0.001,  n = 313;  Table  5).  Similar 
differences  in  the  number  of  host  young 
fledged  were  also  found  for  nonparasitized 
and  parasitized  successful  nests  (in  each  com- 
parison: t > 3.2,  P < 0.01;  Table  5). 


DISCUSSION 

The  differences  in  breeding  parameters 
among  species  that  we  studied  suggest  that 
one  common  management  practice,  the  use  of 
“indicator  species,”  cannot  be  used  indiscrim- 
inately in  the  conservation  of  grassland  bird 
communities.  Different  management  actions 
will  benefit  different  sets  of  species.  For  ex- 
ample, early  haying  might  not  be  detrimental 
to  the  relatively  late-arriving  Bobolink,  but 
would  destroy  nests  of  Clay-colored  and  Sa- 
vannah sparrows,  whereas  removal  of  shrubs 


TABLE  4.  Estimates  of  daily  nest  survival  and  nest  success  for  three 
j tallgrass  prairie  in  Minnesota  and  North  Dakota,  1998-2002. 

passerine  species 

nesting  in  northern 

Clay-colorcd  Sparrow 

Savannah  Sparrow 

Bobolink 

Number  of  nests 

793 

687 

315 

! Number  of  unsuccessful  nests 

460 

286 

163 

Exposure  days 

7333.5 

5456 

2564 

Days  of  nesting  (interval  length)" 

20 

21.5 

24 

1 Mayfield  daily  nest  survival  rate  ± .SP? 

0.937  ^ 0.003 

0.948  * 0.003 

0.936  ‘ 0.005 

1 Mayfield  nest  success'- 

0.274 

0.314 

0.207 

Logistic-exposure  daily  nest  survival  rate  "*■  SI7' 

0.940  ‘ 0.092 

0.950  ♦ 0.107 

0.939  ‘ 0.144 

l.ogistic-exposure  nest  success' 

0.288 

0.330 

0.219 

“ Incubation  and  nestling  days  (Flhrlich  el  al  I ‘>88) 

Mayheld  daily  nest  survnal  rale  ( DSR ) I (number  of  unsuLcessful  nes|s/e\|iosure  days)  SI  sqrl  ((l)SK  il  DSK ))/c\posure  day  .). 
Probability  of  nesting  success  over  the  incubation  anil  nestling  intervals  DSK""'’'''*'  •‘■"H'*’ 

Probability  of  daily  nest  survival  as  calculated  by  the  logistic  exposure  iikhIcI  (Shallcr  20<)4: 
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TABLE  5.  Clutch  size,  hatching  success,  and  fledging  success  (±  SE)  of  parasitized  and  nonparasitized 
nests  of  three  passerine  species  nesting  in  northern  tallgrass  prairie  in  Minnesota  and  North  Dakota,  1998-2002. 
Means  sharing  the  same  letter  (within  rows)  are  not  significantly  different  {P  > 0.05). 

Clay-colored  Sparrow 

Savannah  Sparrow 

Bobolink 

X 

SE 

n 

X 

SE 

n 

X 

SE 

n 

Host  clutch  size^* 

3.77  A 

0.03 

335 

4.13  B 

0.05 

238 

5.25  C 

0.08 

103 

Nonparasitized  nests 

3.80  A 

0.03 

325 

4.19  B 

0.05 

220 

5.29  C 

0.08 

97 

Parasitized  nests 

3.10  A 

0.23 

10 

3.50  AB 

0.29 

18 

4.67  B 

0.49 

6 

Number  of  cowbird  eggs 

1.00  A 

0.00 

10 

1.50  B 

0.12 

18 

1.33  AB 

0.21 

6 

Host  eggs  hatched/nest^ 

2.52  A 

0.09 

393 

2.41  A 

0.11 

302 

3.46  B 

0.20 

123 

Nonparasitized  nests 

2.59  A 

0.09 

372 

2.49  A 

0.12 

280 

3.57  B 

0.21 

114 

Parasitized  nests 

1.24  A 

0.29 

21 

1.32  A 

0.27 

22 

2.11  A 

0.75 

9 

Host  young  fledged/nest 

1.35  A 

0.06 

778 

2.01  B 

0.07 

669 

1.97  B 

0.13 

313 

Nonparasitized  nests 

1.40  A 

0.06 

738 

2.13  B 

0.08 

624 

2.12  B 

0.14 

279 

Parasitized  nests 

0.45  A 

0.15 

40 

0.33  A 

0.1 1 

45 

0.71  A 

0.24 

34 

Host  young  fledged/successful  nest 

3.28  A 

0.05 

320 

3.50  A 

0.05 

385 

4.11  B 

0.12 

150 

Nonparasitized  nests 

3.32  A 

0.05 

311 

3.55  B 

0.05 

375 

4.21  C 

0.12 

141 

Parasitized  nests 

2.00  A 

0.33 

9 

1.50  A 

0.27 

10 

2.67  A 

0.47 

9 

“ Clutch  size  was  determined  only  for  nests  that  were  monitored  during  incubation. 

^ Hatching  success  was  determined  only  for  nests  that  were  monitored  during  both  the  incubation  and  nestling  stages. 


would  benefit  Bobolinks  and  Savannah  Spar- 
rows but  limit  Clay-colored  Sparrows.  If  any 
of  these  species  were  used  as  indicator  species 
for  developing  management  guidelines,  other 
species  would  be  mismanaged.  Grassland 
management  therefore  needs  to  incorporate 
the  most  important  aspects  of  the  breeding 
ecology  of  each  species  of  interest.  Baseline 
and  species-specific  data — as  provided  in  our 
study — are  needed  to  understand  which  as- 
pects are  most  important  to  consider  for  man- 
agement actions  in  a certain  area. 

Not  surprisingly,  nest-site  characteristics  of 
Savannah  Sparrows  and  Bobolinks  were  more 
similar  to  each  other  than  to  those  of  Clay- 
colored  Sparrows.  Clay-colored  Sparrows  are 
more  a shrubland  species  than  a pure  grass- 
land species  (Knapton  1994).  Savannah  Spar- 
rows and  Bobolinks,  on  the  other  hand,  prefer 
nesting  within  dense  clumps  of  litter  and  grass 
(Dechant  et  al.  2003b,  Dieni  and  Jones  2003, 
Swanson  2003).  Despite  the  similar  nest-site 
requirements  of  Savannah  Sparrows  and  Bob- 
olinks, several  nest-site  characteristics  dif- 
fered (Table  2),  indicating  that  management 
practices  will  differentially  affect  even  those 
species  that  have  seemingly  similar  habitat  re- 
quirements. 

The  timing  of  nesting  differed  markedly  be- 
tween the  two  grassland  sparrows  and  Bobo- 
links, with  Bobolinks  nesting  about  2 weeks 
later  than  Clay-colored  and  Savannah  spar- 


rows. Double-brooding  has  been  reported  pre- 
viously for  Clay-colored  Sparrows  (Knapton 
1978)  and  Savannah  Sparrows  (Lein  1968, 
Wiens  1969,  Wheelwright  and  Rising  1993), 
and  the  long  breeding  season  (Fig.  1)  at  our 
study  area  makes  it  likely  that  Clay-colored 
and  Savannah  sparrows  raised  two  broods 
there  as  well.  For  Bobolinks,  the  breeding  sea- 
son is  probably  too  short  for  raising  two 
broods  (see  Gavin  1984).  Even  though  Clay- 
colored  Sparrows  fledged  less  than  two  young 
per  nest  at  our  study  sites  (Table  5),  double- 
brooding  might  result  in  high-enough  seasonal 
fecundity  to  ensure  population  survival. 
Clutch  sizes  were  similar  to  those  reported 
elsewhere  (Wheelwright  and  Rising  1993, 
Martin  and  Gavin  1995,  Swanson  1996,  Davis 
2003).  In  each  species,  clutch  size  generally 
decreased  during  the  breeding  season,  as  is 
well  known  for  many  passerines  (Dhondt  et 
al.  2002). 

Daily  nest  survival  decreased  during  the 
breeding  season  in  Clay-colored  Sparrows  and 
Bobolinks,  but  did  not  change  noticeably  in 
Savannah  Sparrows.  The  model  including  log 
(date)  was  the  best  of  those  we  tested,  but 
there  was  considerable  variation  in  our  esti- 
mates (Fig.  3).  Differences  among  species  in 
timing  of  breeding  and  in  changes  of  clutch 
size  and  daily  nest  survival  over  the  season 
indicate  that  there  is  no  certain  time  period  in 
which  the  entire  grassland  bird  community  is 
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least  susceptible  to  disturbances.  Certainly, 
the  best  timing  for  any  management  is  before 
the  main  nesting  season  starts  (mid-May)  or 
after  the  main  nesting  season  is  over  (early 
August)  to  minimize  disturbances  to  clutches, 
young,  and  fledglings. 

In  our  study,  the  percentage  of  successful 
Clay-colored  Sparrow  nests  was  generally 
higher  (28.8%)  than  that  reported  in  most  oth- 
er areas  studied:  13.9%  of  nests  were  suc- 
cessful in  Saskatchewan  (n  = 84;  Davis 
2003),  and  25.5%  (n  = 49)  and  52.2%  (n  = 
24)  of  all  nests  were  successful  in  Waterfowl 
Production  Areas  in  North  Dakota  and  Min- 
nesota, respectively  (Koford  1999,  data  recal- 
culated for  incubation  and  nestling  period 
only).  Nest  success  of  Savannah  Sparrows  in 
our  study  (33.0%)  was  higher  than  that  re- 
ported for  Saskatchewan  (22.7%,  n = 84;  Da- 
vis 2003)  and  Manitoba  (7%,  n = 30;  Davis 
and  Sealy  2000),  and  was  similar  to  that  re- 
ported in  Waterfowl  Production  Areas  in  Min- 
nesota (33.2%,  n = 30;  Koford  1999).  For 
Bobolinks,  nest  success  was  lower  in  Minne- 
sota (14.2%  and  15.8%  in  two  types  of  plant- 
ed cover,  total  n = 47;  Koford  1999)  than  in 
our  study  (21.9%).  Higher  Bobolink  nest  suc- 
cess was  reported  for  New  York  (54.5%,  n = 
422;  Martin  and  Gavin  1995)  and  Wisconsin 
(52.4%,  n = 103;  Martin  1971),  but  those  val- 
ues are  apparent  rates  of  nest  success,  which 
are  biased  high,  possibly  by  a factor  of  two 
(Johnson  1979).  Most  of  the  nest  failures  doc- 
umented in  our  study  were  due  to  predation, 
similar  to  what  was  found  by  Martin  (1993) 
and  Davis  (2003). 

Brood  parasitism  is  assumed  to  be  higher 
close  to  shrubs  and  trees  because  woody  veg- 
etation may  harbor  more  Brown-headed  Cow- 
I birds  (Johnson  and  Temple  1990,  Romig  and 
I Crawford  1995,  Saunders  et  al.  2003).  Be- 
' cause  nests  of  Clay-colored  Sparrows  were 
closer  to  woody  vegetation  and  were  higher 
i off  the  ground  than  nests  of  Savannah  Spar- 
i rows  and  Bobolinks  (Table  2),  we  expected 
Clay-colored  Sparrows  to  have  higher  rates  of 
I brood  parasitism  than  the  other  two  species 
I (Fleischer  1986,  Davis  and  Sealy  2000).  How- 
ever, brood  parasitism  by  cowbirds  was  lower 
in  Clay-colored  Sparrows  (5.1%  ) than  in  Bob- 
olinks (10.8%),  whereas  in  Savannah  Spar- 
rows it  was  intermediate  (6.7%).  Larger  birds 
might  be  more  conspicuous  than  more-secre- 


tive grassland  sparrows,  facilitating  detection 
by  female  cowbirds  (Davis  and  Sealy  2000, 
Koford  et  al.  2000).  However,  Bobolink — the 
largest  grassland  bird  in  our  study — is  also  an 
icterid,  and  a preference  of  cowbirds  for  ic- 
terine  species  might  have  a phylogenetic  basis 
(Hanka  1979). 

Clay-colored  Sparrows  had  lower  parasit- 
ism (5.1%)  than  that  reported  for  any  other 
area  (range:  10-39%;  Shaffer  et  al.  2003). 
Similarly,  brood  parasitism  in  Savannah  Spar- 
rows was  lower  (6.7%)  than  that  reported  in 
most  other  studies  (range:  2-37%;  Shaffer  et 
al.  2003).  Brood  parasitism  of  Bobolinks 
(10.8%)  was  intermediate  to  that  recorded  in 
other  studies  (range:  0-34%;  Shaffer  et  al. 
2003).  Even  though  parasitized  nests  fledged 
one  to  two  fewer  young  than  nonparasitized 
nests,  cowbirds  probably  do  not  have  a sig- 
nificant effect  on  grassland  bird  populations  in 
our  study  area  because  the  intensity  of  para- 
sitism there  is  low. 

Several  factors  might  be  responsible  for 
low  levels  of  nest  predation  and  cowbird  par- 
asitism found  in  our  study  area  (MW  unpubl. 
data).  Some  of  the  most  likely  factors  were 
( 1 ) study  plots  were  located  in  relatively  large 
patches  of  continuous  grassland  [median  = 
61.3  ha,  8.0-1,245.6  ha  (5th-95th  percentile)], 
and  nest  predation  and  cowbird  parasitism  is 
frequently  lower  in  large  grassland  patches 
(Winter  and  Faaborg  1999,  Herkert  et  al. 
2003);  (2)  study  plots  were  located  in  a land- 
scape with  relatively  little  shrub  and  tree  cov- 
er within  1 km  [median  = 9.6%,  1.5-29.3% 
(5th-95th  percentile)],  and  nest  predation  and 
cowbird  parasitism  is  frequently  lower  far 
from  woody  vegetation  (Johnson  and  Temple 
1990,  Davis  and  Sealy  2()0(),  Winter  et  al. 
2()()0);  and  (3)  few  cattle  were  present  in  the 
study  area  (except  for  Sheyenne  National 
Grassland),  and  cowbird  parasitism  is  fre- 
quently lower  far  from  grazed  areas  (Da\is 
and  vSealy  2()()(),  Goguen  and  Mathews  2()()0). 
Proximity  of  our  study  area  to  the  center  (4' 
the  cowbird \s  range  (Lowther  1993)  may  not 
result  in  high  brood  parasitism,  because  cow- 
bird parasitism  can  be  largely  independent  of 
cowbird  density  (Goguen  and  Malthew.s 
2000). 

In  summary,  grassland  birds  in  our  study 
area  appear  to  be  more  successrul  than  in  most 
other  areas  where  their  nesting  parameters 
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have  been  investigated;  nest  success  was  high- 
er, and  cowbird  parasitism  was  lower  than  in 
most  other  studies.  Northwestern  Minnesota 
and  southeastern  North  Dakota  provide  some 
of  the  largest  remaining  tracts  of  native  tail- 
grass  prairie,  many  of  which  are  surrounded 
by  large  tracts  of  reseeded  grasslands  and  little 
forest  cover  (MW  unpubl.  data).  These  fea- 
tures probably  contribute  to  quality  habitats 
for  nesting  grassland  birds. 
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CLIMATE  CHANGE  AS  REELECTED  IN  A NATURALIST’S  DIARY, 
MIDDLEBOROUGH,  MASSACHUSETTS 
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ABSTRACT. — Observations  by  local  naturalists  may  provide  valuable  records  of  phenological  events  with 
which  we  can  measure  the  response  of  species  to  climate  change.  To  test  this  idea,  we  examined  the  records  of 
a dedicated  naturalist  who  has  been  observing  bird  arrivals,  plant  flowering,  butterfly  appearance,  and  frog 
calling  on  her  farm  in  Middleborough,  southeastern  Massachusetts.  From  her  1970  to  2002  records,  we  extracted 
data  on  first  observations  of  spring  phenological  events  for  24  species — 650  observations  in  all.  Over  that  time, 
average  annual  local  temperatures  rose  by  2.0°  C.  Twenty-two  species  showed  earlier  activity,  with  5 of  the  16 
bird  species  now  arriving  significantly  earlier  in  the  year  than  they  did  30  years  ago.  Twenty-two  species 
responded  to  warming  temperatures,  with  4 species  (two  birds,  one  frog,  and  one  plant)  showing  statistically 
significant  earlier  activity  in  years  with  warmer  temperatures.  The  other  18  species  showed  similar  trends,  but 
they  were  not  statistically  significant.  Received  17  February  2004,  accepted  12  August  2004. 


Many  species  have  demonstrated  phenolog- 
ical responses  to  climate  change  (Walther  et 
al.  2002,  Parmesan  and  Yohe  2003,  Root  et 
al.  2003).  These  responses  were  reflected  in 
earlier  timing  for  events  such  as  bird  migra- 
tions (Oglesby  and  Smith  1995,  Ahas  1999), 
plant  flowerings  (Sparks  and  Carey  1995, 
Bradley  et  al.  1999),  insect  appearance 
(Sparks  and  Yates  1997),  and  amphibian 
breeding  (Beebee  1995,  Gibbs  and  Breisch 
2001).  In  order  to  characterize  the  variation  of 
these  effects  across  species,  landscapes,  and 
regions,  scientists  have  used  long-term  re- 
cords of  phenological  observations  from  se- 
lected localities.  Thus  far,  most  studies  have 
relied  upon  records  from  historical  data  sets 
collected  systematically,  often  as  part  of  for- 
mal research  projects  (Whitfield  2001),  or  col- 
lected in  a rigorous  manner  by  scientists  at 
field  stations  (Fitter  et  al.  1995,  Sparks  and 
Carey  1995,  Bradley  et  al.  1999,  Inouye  et  al. 
2000).  For  example,  a recent  study,  which 
used  formal  data  collection  efforts  of  ornitho- 
logical societies  in  New  York  and  Massachu- 
setts, has  shown  that  many  migrant  bird  spe- 
cies in  eastern  North  America  have  been  ar- 
riving earlier  over  the  last  100  years  (Butler 
2003).  Unfortunately,  formal  (often  profes- 
sionally collected),  long-term  phenological 
data  sets  such  as  these  are  rare  and  difficult  to 
find  for  many  regions  and  species. 


' Boston  Univ.,  Dept,  of  Biology,  5 Cummington 
St.,  Boston,  MA  02215,  USA. 
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We  believe  that  observations  made  by  local 
naturalists  can  fill  in  the  gaps  and  expand  our 
knowledge  of  the  effects  of  global  warming. 
Naturalists  in  fields  such  as  birding,  field  bot- 
any, gardening,  fishing,  and  hunting  often 
keep  daily  journal  records  of  phenological 
events.  Many  of  their  records  include  infor- 
mation on  the  specific  date  and  location  of  the 
observations.  Perhaps  the  most  common  re- 
cords are  those  of  people  who  simply  record 
what  they  see  around  their  homes  or  on  daily 
walks,  such  as  the  first  flowering  of  plants  or 
first  migrant  bird  in  the  spring.  We  suspect 
that  large  numbers  of  such  naturalists’  records 
exist  and  are  widely  distributed  across  the 
globe.  However,  the  value  of  these  collections 
of  observations  in  demonstrating  species’  re- 
sponses to  climate  change  remains  in  ques- 
tion. Will  irregularities  in  the  data  collection, 
such  as  long  periods  without  observations  or 
inconsistent  sampling  effort,  mask  any  real 
trends  present  in  nature?  Or  are  the  biological 
changes  robust  enough  to  appear  even  in  im- 
perfect data  sets?  If  naturalists’  records  do  re- 
flect phenological  responses  to  climate 
change,  they  could  open  up  a greatly  expand- 
ed range  of  data  for  climate  change  research, 
covering  places  and  species  for  which  there 
are  no  formal  research  studies. 

We  already  have  strong  evidence  in  eastern 
Massachusetts  that  birds  are  arriving  and 
plants  are  flowering  earlier  in  response  to 
warming  temperatures  (Butler  2003,  Primack 
et  al.  2004).  Thus,  the  primary  purpose  of  this 
project  was  to  test  whether  the  journal  entries 
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I of  a local  naturalist  could  detect  long-term 
changes  in  phenological  events  and  the  re- 
sponses of  numerous  species  to  changes  in 
springtime  temperatures.  To  accomplish  this, 
we  examined  the  observations  of  a naturalist, 
who  from  1970  to  2002  recorded  the  dates  of 
many  phenological  events  on  her  farm  in  Mid- 
dleborough,  Massachusetts. 

I 

METHODS 

Kathleen  S.  Anderson  is  an  active  naturalist 
I who  has  been  involved  for  many  decades  in 
j conservation  issues  at  local,  regional,  and  na- 
I tional  levels.  For  example,  from  1969  to  1983, 
she  served  as  the  director  of  the  Manomet 
Bird  Observatory  (now  Manomet  Center  for 
Conservation  Sciences),  one  of  the  most  ac- 
tive centers  for  ornithological  banding  and  re- 
search in  New  England.  For  the  last  53  years, 

I she  has  lived  on  a 40-ha  farm  in  Middlebor- 
I ough,  49  km  south  of  Boston  and  23  km  from 
I the  Atlantic  Ocean.  Her  farm  consists  mainly 
1 of  second-growth  deciduous  forest,  swamp- 
l'  land,  and  a small  pond.  She  also  maintains 
I several  farm  buildings  and  a pasture  for  sheep 
I grazing.  Due  to  a strong  personal  interest,  she 
I has  gradually  learned  more  about  the  natural 
i'  history  of  species  that  occur  on  her  farm. 

[ Nearly  every  day  that  she  was  on  her  farm 
from  1960  to  2002,  Mrs.  Anderson  recorded 
the  birds,  flowering  plants,  butterflies,  and  am- 
phibian choruses  she  saw  or  heard.  Her  ob- 
servations were  not  systematic,  however.  For 
i example,  some  days  she  made  observations 
while  on  walks  through  her  farm,  while  on 
other  days  she  recorded  only  what  she  saw 
from  her  back  porch.  She  was  also  occasion- 
ally away  from  her  farm  for  several  days  at  a 
time. 

' Following  an  examination  of  Mrs.  Ander- 
I son’s  records,  we  selected  a time  period  ( 1970 
to  2002)  during  which  she  had  made  obser- 
I vat  ions  each  day  she  was  on  the  farm.  She  did 
I not  begin  recording  observations  with  enough 
I regularity  for  statistical  analysis  until  1970. 

We  selected  common  species  that  she  had  ob- 
I served  on  her  farm  during  at  least  half  of  the 
' years  from  1970  to  2002.  We  examined  her 
journals  for  the  arrival  dates  of  16  migratory 
bird  species,  the  first  flowering  of  3 plant  spe- 
cies, the  first  appearance  of  2 butterfly  species, 
and  the  first  spring  chorus  of  3 amphibian  spe- 
cies (Table  1).  By  1970,  Mrs.  Anderson  had 


lived  on  her  farm  for  20  years  and  had  made 
observations  of  spring  phenological  events  for 
10  years.  She  was  thoroughly  familiar  with, 
and  able  to  identify,  each  of  the  species  that 
we  selected.  Thus,  we  are  confident  that  there 
was  no  bias  caused  by  increasing  familiarity 
with  the  species  over  time. 

From  each  of  her  narrative-style  journals, 
we  extracted  the  date  of  first  observation  for 
each  of  the  events  mentioned  above.  We  did 
not  correct  for  any  gaps  in  the  data  that  were 
caused  by  her  being  away  from  the  farm  or 
not  recording  any  observations.  We  then  used 
regression  analysis  to  examine  the  relation- 
ships between  the  timing  of  each  phenological 
event  and  the  year.  We  also  used  regression 
analysis  to  examine  the  relationships  between 
the  timing  of  phenological  events  and  tem- 
peratures in  late  winter  and  spring.  Our  tem- 
perature data  were  taken  from  Rochester,  Mas- 
sachusetts, 1 1 km  from  Middleborough  [Na- 
tional Oceanic  and  Atmospheric  Administra- 
tion (NOAA),  Northeast  Regional  Climate 
Center,  Ithaca,  New  York].  For  all  bird  spe- 
cies, regression  analyses  were  based  on  the 
mean  temperature  of  the  month  of  arrival  and 
that  of  the  previous  month,  as  provided  by 
NOAA;  thus,  for  a bird  that  arrived  in  April, 
we  regressed  its  arrival  date  on  the  mean 
March-April  temperature  (see  Table  2).  For 
the  plant,  amphibian,  and  butterfly  species,  we 
regressed  the  date  of  first  spring  activity  on 
the  mean  temperature  of  the  time  period  from 
1 February  through  the  month  when  first  ac- 
tivity was  observed.  Statistical  significance 
was  set  at  P = 0.05;  we  used  Microsoft  Excel 
98  for  all  regression  analyses. 

RESULTS 

Trends  over  time. — Over  the  last  33  years, 
mean  annual  temperatures  in  Rochester,  Mas- 
sachusetts have  risen  an  average  of  0.7''  C per 
decade,  for  a total  increase  of  2.0"  C (NOAA. 
Northeast  Regional  Climate  Center.  Ithaca. 
New  York;  Fag.  1 ).  Given  the  warming  trend, 
we  hypothesi/ed  that  Mrs.  Anderson's  records 
could  demonstrate  that  species  arc  responding 
to  warmer  climate  by  exhibiting  earlier  spring 
phenologies. 

OI  the  16  bird  species,  5 species — Wootl 
Duck  (Aix  s/)onso).  kuby-throalcd  llumming- 
birtl  {Archilochus  coliihris).  House  Wren 
(Troi^lodytes  aedon),  Ovenbird  {Seiurns  an- 
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TABLE  1.  Results  of  regressions  of  first  spring  activity  on  year.  Slope  of  the  regression  line  indicates  change 
(in  days/year)  in  first  phenological  activity.  Significant  regressions  are  bold-faced.  Observations  of  first  spring 
activity  were  made  by  K.  S.  Anderson  in  Middleborough,  Massachusetts,  1970-2002. 

Species 

Slope 

r3 

p 

Birds 

Wood  Duck  {Ai.x  sponsa) 

-1.01 

0.43 

<0.001 

30 

Ruby-throated  Hummingbird  {Archilochus  coliibris) 

-0.58 

0.18 

0.023 

28 

Tree  Swallow  (Tachycineta  bicolor) 

-0.27 

0.05 

0.21 

31 

Barn  Swallow  (Hirwido  riistica) 

-0.06 

0.00 

0.84 

24 

House  Wren  (Troglodytes  aedon) 

-0.26 

0.14 

0.046 

28 

Hermit  Thrush  (Cathariis  giittatiis) 

-0.44 

0.05 

0.24 

27 

Wood  Thrush  (Hxlocichla  miistelina) 

-0.12 

0.07 

0.21 

23 

Gray  Catbird  (Dumetella  carolinensis) 

-0.09 

0.05 

0.24 

30 

Yellow  Warbler  (Dendroica  petechia) 

-0.52 

0.12 

0.075 

27 

Pine  Warbler  (Dendroica  pinus) 

-0.52 

0.04 

0.33 

23 

Black-and-white  Warbler  (Mniotilta  varia) 

0.08 

0.03 

0.30 

33 

Ovenbird  (Seiuriis  aiirocapilliis) 

-0.15 

0.16 

0.025 

32 

Chipping  Sparrow  (Spizella  passerina) 

-0.78 

0.18 

0.019 

30 

Red-winged  Blackbird  (Agelaius  phoeniceus) 

-0.21 

0.06 

0.18 

30 

Common  Crackle  (Quiscalus  quiscula) 

0.34 

0.06 

0.21 

30 

Baltimore  Oriole  (Icterus  galbula) 

-0.12 

0.07 

0.22 

24 

Plants 

Goldthread  (Coptis  trifolia) 

-0.19 

0.06 

0.21 

28 

Spicebush  (Lindera  benzoin) 

-0.08 

0.02 

0.55 

21 

Wood-anemone  (Anemone  quinquefolia) 

-0.07 

0.01 

0.59 

28 

Amphibians 

American  toad  (Bufo  americanus) 

-0.29 

0.05 

0.29 

22 

Spring  peeper  (Pseiidacris  crucifer) 

-0.54 

0.06 

0.17 

31 

Wood  frog  (Rana  sylvatica) 

-0.12 

0.01 

0.64 

30 

Insects 

Mourning  cloak  (Nymphalis  antiopa) 

-0.04 

0.00 

0.94 

19 

Spring  azure  (Celastrina  ladon) 

-0.14 

0.02 

0.53 

24 

^ Number  of  years  for  which  there  were  observations. 


rocapilla),  and  Chipping  Sparrow  {Spizella 
passerina) — showed  statistically  significant 
trends  toward  earlier  spring  arrival  times  (all 
P < 0.05).  The  strongest  trend  was  for  Wood 
Ducks,  which,  on  average,  arrive  32.2  days 
earlier  than  they  did  32  years  ago,  as  deter- 
mined by  straight-line  regression  analysis  (Ta- 
ble 1,  Fig.  2A).  Ruby-throated  Hummingbirds 
now  arrive,  on  average,  18.4  days  earlier  than 
they  did  32  years  ago.  Of  the  other  1 1 species, 
9 showed  non-significant  trends  (all  P > 0.05) 
toward  earlier  arrivals  (negative  slopes)  and 
two  species — Black-and-white  Warbler  {Mni- 
otilta  varia)  and  Common  Crackle  (Quiscalus 
quiscula) — showed  non-significant  trends  to- 
ward later  arrivals  (positive  slopes).  While 
none  of  the  plant,  butterfly,  or  amphibian  spe- 
cies had  statistically  significant  earlier  phe- 
nologies over  time,  they  all  showed  progres- 


sively earlier  spring  activity  over  time,  as 
shown  by  negative  slopes  of  arrival  time  in 
successive  years.  Overall,  22  of  the  24  species 
showed  trends  toward  earlier  spring  activity, 
more  than  would  be  expected  by  chance  (x^ 
= 16.7,  df  = 1,  P < 0.001).  The  average  rate 
of  response  for  all  observed  spring  phenolog- 
ical  events  (all  24  species)  was  2.6  days  ear- 
lier per  decade,  or  8.3  days  for  the  overall 
time  period. 

Trends  as  temperatures  increase. — First  oc- 
currence in  4 of  the  24  species — Wood  Duck, 
Red-winged  Blackbird  (Agelaius  phoeniceus), 
goldthread  (Coptis  trifolia),  and  spring  peeper 
iPseudacris  crucifer) — showed  significant 
correlations  (all  P < 0.05)  with  spring  tem- 
peratures (Table  2,  Fig.  2B).  In  each  case,  spe- 
cies showed  a statistically  significant  tendency 
to  exhibit  earlier  spring  phenologies  in  years 
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TABLE  2.  Results  of  regressions  of  first  spring  activity  on  mean  monthly  temperatures.  Slope  of  the  re- 
gression line  indicates  change  (in  days/°  C)  in  first  phenological  activity.  Significant  regressions  are  bold-faced. 
The  number  of  years  of  observation  is  given  in  Table  1 . Observations  of  first  spring  activity  were  made  by  K. 
S.  Anderson  in  Middleborough,  Massachusetts,  1970-2002. 

Correlation 

Species  Slope  R-  P timeframe 

Birds 


Wood  Duck  {Aix  sponsa) 

Ruby-throated  Hummingbird  {Archilochus  colubhs) 
Tree  Swallow  (Tachycineta  bicolor) 

Barn  Swallow  {Hirundo  rustica) 

House  Wren  {Troglodytes  aedon) 

Hermit  Thrush  {Cathariis  guttatus) 

Wood  Thrush  {Hylocichla  mustelina) 

Gray  Catbird  {Dumetella  carolinensis) 

Yellow  Warbler  {Dendroica  petechia) 

Pine  Warbler  {Dendroica  pinus) 

Black-and-white  Warbler  {Mniotilta  varia) 

Ovenbird  {Seiiirus  aiirocapillus) 

Chipping  Sparrow  {Spizella  passerina) 

Red-winged  Blackbird  {Agelaius  phoeniceus) 
Common  Grackle  {Quiscaliis  quiscula) 

Baltimore  Oriole  {Icterus  galbula) 

Plants 

Goldthread  {Coptis  trifolia) 

Spicebush  {Lindera  benzoin) 

Wood-anemone  {Anemone  quinquefolia) 

Amphibians 

American  toad  {Bufo  arnericanus) 

Spring  peeper  {Pseudacris  crucifer) 

Wood  frog  {Rana  sylvatica) 

Insects 

Mourning  cloak  {Nymphalis  antiopa) 

Spring  azure  {Celastrina  ladon) 


-6.21 

0.43 

0.001 

Eeb-Mar 

0.55 

0.02 

0.53 

Apr-May 

-1.04 

0.07 

0.16 

Mar- Apr 

0.81 

0.04 

0.33 

Apr-May 

-0.57 

0.06 

0.21 

Apr-May 

-0.87 

0.02 

0.51 

Mar- Apr 

-0.14 

0.01 

0.66 

Apr-May 

-0.31 

0.05 

0.25 

Apr-May 

-0.08 

0.00 

0.94 

Apr-May 

-0.65 

0.01 

0.63 

Mar- Apr 

-0.20 

0.02 

0.48 

Apr-May 

-0.31 

0.05 

0.23 

Apr-May 

-0.54 

0.01 

0.63 

Mar-Apr 

-2.54 

0.24 

0.006 

Eeb-Mar 

-2.75 

0.10 

0.085 

Feb-Mar 

-0.81 

0.03 

0.44 

Apr-May 

-2.99 

0.27 

0.004 

Feb-Apr 

-0.45 

0.04 

0.40 

Feb-Apr 

-1.13 

0.09 

0.12 

Feb-May 

-0.44 

0.01 

0.66 

Feb-Apr 

-3.75 

0.17 

0.023 

Feb-Mar 

-2.86 

0.1  1 

0.069 

Feb-Mar 

-0.13 

0.00 

0.93 

Feb-Apr 

-1.40 

0. 1 1 

0.1  1 

Feb-Apr 

1970  1980  1990  2000 


Year 


FIG.  1. 
borough)  as 


Mean  annual  tcmperalures  from  1970  to  2(M)2  at  Rochester.  Massachusetts  (II  km  from  Middle 
reported  by  NOAA.  The  horizontal  line  represents  the  long-term  mean  ft>r  1970  2(M)2  (10. 1°C'). 
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FIG.  2.  Wood  Duck  {Aix  sponsa)  arrival  dates  (Julian)  in  Middleborough,  Massachusetts  for  the  period 
1970-2002:  (A)  by  year  and  (B)  in  relation  to  mean  springtime  (February-March)  temperatures.  Lines  represent 
best  fit  using  regression  analysis  (see  Tables  1 , 2). 


with  warmer  temperatures.  For  example,  with 
each  1 .0°  C increase  in  mean  temperature  of 
the  2 months  prior  to  arrival.  Red-winged 
Blackbirds  arrived  2.5  days  earlier.  Wood 
Ducks  arrived  6.2  days  earlier,  goldthreads 
flowered  2.9  days  earlier,  and  spring  peepers 
called  3.7  days  earlier.  These  numerous  cor- 
relations provide  strong  evidence  that  species 
are  active  earlier  in  the  spring  due  to  warming 
climate.  A total  of  22  of  the  24  species 
showed  a trend  toward  earlier  activity  with 
warmer  temperatures,  more  than  expected  by 
chance  = 16.7,  df  = 1,  P < 0.001). 

DISCUSSION 

Using  the  observations  of  a Middleborough 
naturalist  from  1970  to  2002,  we  were  able  to 


demonstrate  that  most  phonological  events  in 
an  assemblage  of  24  species  are  now  occur- 
ring earlier  than  they  were  33  years  ago,  with 
5 species  showing  significant  trends.  This 
trend  was  most  strongly  represented  by  the  ar- 
rival time  of  birds  in  the  spring.  Further,  we 
were  able  to  show  that  spring  phonological 
events  are  related  to  increasing  springtime 
temperatures  during  this  time  period  (a  sig- 
nificant relationship  for  four  species),  affect- 
ing birds,  plants,  amphibians,  and  butterflies. 

As  might  be  expected,  there  was  variation 
in  statistical  significance  among  species, 
which  could  be  due  to  different  behaviors  or 
population  dynamics  of  birds,  plants,  insects, 
and  amphibians.  For  instance,  migratory  birds 
come  to  the  farm  from  different  wintering  lo- 
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calities,  which  may  mean  that  they  respond  to 
temperatures  other  than  those  in  Middlebor- 
ough  (Mason  1995,  Both  and  Visser  2001). 
Environmental  changes  that  affect  bird  migra- 
tion may  occur  where  the  birds  overwinter  or 
along  their  migration  routes  (Huin  and  Sparks 
1998,  2000;  Cotton  2003).  In  particular,  the 
direction  and  intensity  of  the  wind  might  fa- 
cilitate or  retard  the  arrival  times  of  spring 
migrants.  Therefore,  weather  changes  in  Mid- 
dleborough  itself  may  not  play  the  dominant 
role  in  the  timing  of  bird  arrivals  for  certain 
species.  Conversely,  the  hrst  arrival  of  Wood 
Ducks  is  closely  tied  to  the  spring  ice-melt  in 
one  pond  on  the  farm  (K.  S.  Anderson  pers. 
comm.),  a truly  local  weather  effect.  The  three 
other  species  whose  phenology  was  signifi- 
cantly related  to  temperature  were  also  wet- 
land or  moist  woodland  species — Red-winged 
Blackbird,  goldthread,  and  spring  peeper — in- 
dicating the  importance  of  warm  temperatures 
in  facilitating  early  activity  in  wet  and  moist 
areas. 

Fluctuations  in  population  size  could  affect 
first  observations  of  phonological  events:  de- 
creases may  cause  first  observations  of  mi- 
grants (or  blooms,  appearances,  calls,  etc.)  to 
occur  later,  masking  the  actual  trend  of  birds 
migrating  earlier  (Sparks  1999,  Tryjanowski 
and  Sparks  2001).  For  example,  observations 
from  the  Manomet  Center  for  Conservation 
Sciences,  located  28  km  east  of  the  Middle- 
borough  farm,  revealed  that  populations  of 
several  of  the  bird  species  we  studied  have 
decreased  over  time  (Hagan  et  al.  1992, 
Lloyd-Evans  and  Atwood  2004).  Populations 
of  Wood  Thrush  (Hylocichla  mustelinci).  Gray 
Catbird  (Dumetella  carol inensis).  Yellow 
Warbler  {Dendroica  petechia).  Black-and- 
white  Warbler,  Ovenbird,  and  Baltimore  Ori- 
ole {Icterus  ^alhula)  declined  significantly 
over  the  past  30  years,  whereas  Hermit  Thrush 
(Catharus  guttatus)  populations  did  not 
change.  None  of  the  species  common  to  our 
study  and  the  Manomet  studies  was  shown  to 
increase  in  population  over  the  past  30  years 
(Lloyd-Evans  and  Atwood  2004). 

Finally,  migratory  patterns  of  some  avian 
species  are  based  upon  endogenous  rhythms 
that  are  not  affected  by  climate  (Ci winner 
1996).  In  the  case  of  plants,  butterilies,  and 
amphibians,  there  were  correlations  of  early 
spring  activity  with  increasing  spring  temper- 


atures. Since  all  of  those  species  are  perma- 
nent residents  of  Middleborough,  they  are  af- 
fected more  by  increasing  temperatures  in  that 
area. 

When  we  examined  the  patterns  of  arrival 
times  in  other  locations  in  North  America,  we 
found  no  consistent  pattern  of  response  to  cli- 
mate change.  For  example,  the  first  House 
Wrens,  which  we  found  to  arrive  significantly 
earlier  over  time,  also  have  been  arriving  sig- 
nificantly earlier  in  Wisconsin  (Bradley  et  al. 
1999)  and  New  York,  but  not  elsewhere  in 
Massachusetts  (Butler  2003).  We  found  that 
the  first  Wood  Thrushes  were  not  arriving  sig- 
nificantly earlier,  a finding  that  agrees  with  re- 
sults from  Wisconsin  (Bradley  et  al.  1999), 
but  runs  counter  to  findings  in  New  York  and 
Massachusetts  (Butler  2003).  Despite  the  in- 
consistencies between  studies,  the  signs  (pos- 
itive or  negative)  of  our  regression  results  for 
the  change  in  first  arrival  over  time  agreed 
with  those  of  other  studies  of  the  same  species 
(Bradley  et  al.  1999,  Butler  2003).  That  is  to 
say,  when  we  found  evidence  for  earlier  arriv- 
al of  species  (significantly  or  not)  over  time — 
which  we  found  for  all  species  except  Black- 
and-white  Warbler  and  Common  Crackle — so 
did  other  studies  for  that  species.  It  also  is 
worth  noting  that  Butler  (2003)  found  that  the 
first  Black-and-white  Warblers  were  arriving 
later  over  time  in  Worcester  County,  Massa- 
chusetts, albeit  not  significantly,  just  as  we 
did.  This  apparently  anomalous  finding  simply 
could  be  due  to  the  decline  of  Black-and- 
white  Warbler  populations  in  the  Northeast 
(Lloyd-Evans  and  Atwood  2004). 

We  were  able  to  use  the  observations  of  a 
naturalist  to  demonstrate  that  some  phenolog- 
ical  events  are  occurring  earlier  over  time  and 
as  temperatures  increase.  Because  Mrs.  An- 
derson did  not  anticipate  scientific  use  of  her 
observations  (presumably,  much  like  most 
other  naturalists),  use  of  her  data  presented 
challenges.  Most  significantly,  irregularities  in 
her  collection  of  data  (see  Methods)  likely  re- 
sulted in  unintended  variation  in  the  data,  pos- 
sibly obscuring  biologically  significant  treiuls. 
In  her  case,  however,  the  relatively  small 
number  of  gaps  in  her  observations  still  al- 
lowed us  to  discern  clear  evidence  of  biolog- 
ical response  to  climate  change. 

'fhis  private  journal  of  observations  from 
1970  to  2002  has  proven  to  be  a sufficiently 
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accurate  and  long-term  data  source  for  climate 
warming  research,  demonstrating  clear  pat- 
terns of  earlier  phenological  events.  We  be- 
lieve that  there  are  large  numbers  of  such 
journals  and  records,  and  these  could  be  valu- 
able for  illustrating  the  impact  of  climate 
change  in  many  regions  of  the  world,  partic- 
ularly those  areas  for  which  there  are  no  long- 
term records  collected  by  scientists  and  re- 
search organizations.  Some  of  these  records 
may  not  have  data  of  high-enough  quality  to 
demonstrate  biological  patterns,  particularly 
where  species  identifications  are  uncertain, 
observations  are  made  irregularly,  or  sampling 
intensity  changes  over  the  course  of  time. 
However,  where  high-quality  records  exist, 
they  could  extend  our  knowledge  of  plant  and 
animal  distributions,  and  help  us  determine 
how  the  changing  climate  has  already  affected 
biological  communities  and  how  such  com- 
munities are  likely  to  react  to  further  climate 
change.  Biologists  interested  in  climate 
change  research  should  actively  seek  out  such 
records,  analyze  them,  and  present  their  re- 
sults to  the  scientific  community. 
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HOME  RANGE  AND  HABITAT  USE  BY  AMERICAN  CROWS  IN 
RELATION  TO  TRANSMISSION  OF  WEST  NILE  VIRUS 

SARAH  A.  YAREMYCH,'  3.4  ROBERT  J.  NOVAK,^  ARLO  J.  RAIM,' 

PHIL  C.  MANKIN,'  AND  RICHARD  E.  WARNER’ 


ABSTRACT. — Determining  the  sizes  and  characteristics  of  home  ranges  among  American  Crows  (Corvus 
hrachyrhynchos)  in  spring/summer  is  essential  for  understanding  the  importance  of  this  species  in  the  transmis- 
sion of  West  Nile  virus.  In  late  spring,  summer,  and  early  fall  of  2002,  we  radio-tracked  45  American  Crows  to 
estimate  their  movements  and  habitat  preferences  in  urban  and  adjacent  agricultural  habitats  in  east-central 
Illinois.  The  95%  minimum  convex  polygon  home  ranges  averaged  9.6,  6.7,  and  6.4  km^  for  hatch-year,  sub- 
adult, and  adult  crows,  respectively.  Proportional  habitat  use  was  investigated  at  two  scales:  (a)  at  the  study  site 
scale,  there  was  a preference  for  low-  to  medium-density  urban  habitat  and  avoidance  of  forested  habitat;  and 
(b)  at  the  home  range  scale,  there  was  a preference  for  agricultural  cover  and  avoidance  of  high-density  urban 
habitat.  Received  16  October  2003,  accepted  19  July  2004. 


Corvid  populations  are  increasing  world- 
wide in  response  to  urbanization  (Marzluff  et 
al.  2001),  and  the  American  Crow  {Corvus 
hrachyrhynchos)  is  a successful  exploiter  of 
human  environments  in  North  America. 
Home-range  estimates  for  crows  are  distinct 
in  different  geographic  settings,  and  range 
from  0.01  km^  in  highly  urban  environments 
to  over  35  km^  in  non-urban  landscapes  (Mar- 
zluff et  al.  2001).  A number  of  studies  (re- 
viewed by  Verbeek  and  Caffrey  2002)  have 
contributed  to  our  understanding  of  spatial 
and  geographic  area  requirements  of  crows. 
During  winter,  Stouffer  and  Caccamise  (1991) 
captured  crows  on  agricultural  fields  in  New 
Jersey  and  divided  them  into  two  groups:  di- 
urnal, activity-center  based  (DAC)  crows  and 
vagrant  crows.  DAC  crows  used  daytime  ter- 
ritories ranging  in  size  from  0.3  to  0.5  km^ 
and  returned  to  the  communal  feeding  area 
nearly  every  day.  Vagrants  could  be  found 
during  only  31.8%  of  daytime  tracking  at- 
tempts; crows  of  both  groups  roosted  together 
at  night.  McGowan  (2001)  found  that  subur- 
ban crows  in  New  York  defended  0.09  km^ 
territories,  whereas  their  rural  counterparts  de- 
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fended  0.4  km^  territories  in  the  spring.  Sul- 
livan and  Dinsmore  (1992)  determined  that, 
during  the  breeding  season,  home-range  size 
for  10  pairs  of  crows  in  Manitoba  was  2.6 
km^. 

The  prevalence  of  vector-borne  disease  is 
often  related  to  the  home-range  size,  habitat 
availability,  and  habitat  selection  of  host  spe- 
cies. The  American  Crow  is  a reservoir  host 
for  the  mosquito-transmitted  West  Nile  virus 
(WNV;  McLean  et  al.  2001).  The  birds  attain 
a high  blood  viral  titer  before  death  (McLean 
et  al.  2001)  and  may  serve  as  amplifying 
hosts,  increasing  local  transmission.  Dead, 
WNV-positive  crows  may  serve  as  effective 
sentinels  of  local  transmission  (Nasci  et  al. 
2002,  Guptill  et  al.  2003).  To  date,  there  has 
been  little  study  of  movement  and  habitat  use 
by  crows  in  urban  areas  during  the  period 
when  the  risk  of  transmitting  WNV  is  high. 
Knowledge  of  home-range  size,  the  geograph- 
ic area  over  which  an  infected  crow  may  po- 
tentially move,  and  habitat  composition  are 
essential  for  understanding  how  crows  relate 
to  transmission  foci  for  WNV. 

Our  study  of  crows  in  a Midwestern  urban- 
ized setting  with  adjacent  agricultural  lands 
was  designed  to  (1)  estimate  home-range  sizes 
of  crows  during  the  late  spring  through  early 
fall  season,  (2)  describe  habitat  use,  and  (3) 
relate  our  findings  to  the  potential  for  WNV 
transmission  by  this  species. 

METHODS 

From  February  through  October  2002,  we 
captured  crows  on  communal  feeding  grounds 
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with  Australian  crow  traps  (Kalmbach  and  Al- 
dous  1940,  Rowley  1968)  within  1.6  km  of 
the  South  Farms  agricultural  property  (40°  2' 
N,  88°  17'  W)  of  the  University  of  Illinois  in 
Urbana-Champaign,  Illinois.  Crows  were  aged 
by  palate  coloration  and  plumage  character- 
istics (Pyle  1997)  as  hatch-year,  sub-adult 
(year-old  individual),  or  adult  (second  year 
and  older).  We  weighed,  measured,  and  band- 
ed birds  at  capture,  and  determined  their  gen- 
der by  discriminant  analysis  of  external  mea- 
surements. Using  a sample  of  known-sex  in- 
dividuals, we  used  age-group-specific  discrim- 
inant functions  to  determine  gender.  A series 
of  eight  mensural  characters  were  evaluated 
for  use  in  discriminant  analysis,  including  bill 
length,  width,  and  depth;  head-to-bill  length; 
length  of  wing  chord,  tail,  and  tarsus;  and 
mass.  The  performance  of  each  function  was 
evaluated  through  cross  validation,  yielding 
94,  100,  and  78%  correct  classification  for 
hatch-year,  sub-adult,  and  adult  crows,  respec- 
tively (Yaremych  et  al.  2004a). 

Radio-transmitters  were  attached  to  a sub- 
sample (n  = 56)  of  captured  crows.  Radio- 
transmitters were  custom  designed  (by  W. 
Cochran,  Champaign,  Illinois),  and  weighed 
<2  g for  tail-mount,  and  <3  g for  collar- 
mount.  Transmitters  had  an  expected  battery 
life  of  approximately  6 months.  We  used  a 
tail-mount  attachment  most  frequently  (n  = 
46),  modifying  the  method  of  application  of 
Dunstan  (1973).  Attachment  was  to  the  rachis 
of  the  central  tail  feather.  The  back  of  the 
transmitter  and  battery  were  lined  with  epoxy 
and  laid  on  top  of  the  central  tail  feather  shaft, 
with  the  transmitter  roughly  2.5  cm  below  the 
uropygial  gland.  We  used  a needle  and  thread 
to  stitch  through  the  rachis  under  the  trans- 
mitter, and  wrapped  thread  repeatedly  around 
the  transmitter  and  battery  and  under  the  tail 
feather.  Five  additional  stitches  were  used  to 
secure  the  antenna  to  the  rachis;  the  antenna 
ended  at  the  distal  tip  of  the  tail  feather.  All 
sutures  were  coated  with  epoxy  to  protect 
them  from  weathering.  Alternatively,  collar- 
mount  transmitters  were  attached  to  crows 
caught  before  molting  (//  = 10).  Collars  were 
individually  adjusted  for  optimal  sizing  and 
sewn  around  the  necks  of  crows. 

Each  radio-tagged  crow  was  tracked  using 
vehicle-Fiiounted  twin  Yagi  antennas  to  obtain 
locations  approximately  10  times  per  week 


(Cochran  1980).  Tracking  was  stratified  equal- 
ly between  morning  (06:00-12:00  CST),  af- 
ternoon (12:00-20:00),  and  nighttime  (20:00- 
06:00).  We  searched  for  birds  that  we  were 
unable  to  locate  while  on  foot  or  by  vehicle 
with  fixed-wing  aircraft.  Point  locations,  taken 
with  Global  Positioning  Systems  (GPS;  Gar- 
min  GPSIII),  were  used  for  analysis  of  home 
range.  All  GPS  locations  were  recorded  while 
crows  were  on  the  ground  or  in  trees.  Typi- 
cally, the  minimum  number  of  radio-locations 
required  to  yield  a stable  home-range  size  was 
10,  and  home-range  size  was  not  estimated  for 
crows  that  were  located  <10  times.  Radio- 
tracking efforts  for  the  remaining  crows  de- 
clined after  31  October. 

Any  crow  that  was  encountered  dead  was 
tested  for  West  Nile  virus  using  immunohis- 
tochemical  staining  (Heinz-Taheny  et  al. 
2004)  at  the  University  of  Illinois  College  of 
Veterinary  Medicine,  or  TaqMan  reverse  tran- 
scriptase-polymerase chain  reaction  (Lanciotti 
et  al.  2000)  at  the  Medical  Entomology  lab- 
oratory at  the  Illinois  Natural  History  Survey. 

Locations  were  plotted  on  the  1999-2000 
satellite  imagery  of  Illinois  Land  Cover  (Illi- 
nois Interagency  Landscape  Classification 
Project  2003)  using  a Geographical  Informa- 
tion System  (Environmental  Systems  Re- 
search Institute  1998).  The  95%  minimum 
convex  polygon  (MCP)  estimator  for  home 
range  was  used  to  describe  the  outer  limits  of 
each  crow’s  movement  (Mohr  1947).  Addi- 
tionally, adaptive  kernel  (ADK)  home  ranges 
were  computed  at  the  50  and  95%  contour 
levels  (Worton  1989)  for  identification  of  ac- 
tivity centers. 

We  defined  the  study  site  as  the  cumulative 
area  used  by  all  the  radio-tracked  crows  in 
spring  through  early  fall;  this  area  is  the 
merged  95%  MCP  home  ranges  for  the  45 
crows  included  in  the  study.  The  study  site, 
totaling  39,471  ha.  encompassed  the  cities  of 
Champaign  and  LJrbana,  as  well  as  the  sur- 
rounding agricultural  areas.  We  delineated  and 
categorized  the  cover  types  (ui  the  site  as  (a) 
agriculture — primarily  corn,  soybeans,  winter 
wheat,  and  rural  grassland  and  residences;  (b) 
forest — areas  predominantly  covered  with 
trees  and  wootly  \egctation.  including  upland 
decitluous  closed-canopy  forests,  uplaiul 
opcn-caiiopy/savannah  forests,  aiul  closcd- 
cafiopy  lloodplain  forests  situated  in  lowlands 
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FIG.  1 . Capture  dates  of  45  American  Crows  used  for  analysis  of  home  range  and  habitat  use  in  east-central 
Illinois,  late  spring  through  fall,  2002. 


and  temporarily  flooded  floodplains;  (c)  high- 
density  urban — all  or  nearly  all  of  the  land 
surface  covered  with  manmade  structures;  (d) 
low-  to  medium-density  urban — up  to  50%  of 
the  land  surface  covered  with  manmade  struc- 
tures; and  (e)  urban  open  space — including 
parks,  golf  courses,  cemeteries,  and  other 
grassland-like  cover  within  urban  and  built-up 
areas  intermixed  with  other  cover,  such  as  for- 
est. Each  telemetry  location  was  buffered  (25 
m)  to  account  for  telemetry  error. 

Habitat  use  was  interpreted  by  composi- 
tional analysis  (Aebischer  et  al.  1993)  at  two 
scales  of  analysis  using  Resource  Selection 
software  (Leban  1999).  Compositional  analy- 
sis examines  habitat  use,  with  each  animal, 
not  each  location,  serving  as  the  sampling 
unit,  thereby  avoiding  potential  autocorrela- 
tion problems  often  associated  with  radio-te- 
lemetry studies  (Aebischer  et  al.  1993).  First, 
the  relative  amount  of  habitat  within  each 
crow’s  95%  MCP  home  range  was  compared 
to  the  relative  amount  of  each  habitat  avail- 
able within  the  total  study  site  for  analysis  at 
the  study  site  level.  Second,  the  habitat  of  te- 
lemetry locations  (the  habitat  a crow  was  us- 
ing when  we  recorded  a telemetry  location) 
was  compared  with  the  relative  amounts  of 
each  habitat  within  an  individual’s  MCP  home 
range  for  analysis  at  the  home-range  level. 

The  values  (%)  representing  habitat  use  and 
availability  were  log-ratio  transformed  as  part 
of  the  analysis.  Resource  Selection  software 
replaced  the  0%  value  for  those  habitat  types 
that  were  not  utilized,  yet  available,  with 


0.001%  to  allow  for  this  transformation. 
Where  there  is  significant  nonrandom  use  (i.e., 
habitat  use  within  the  site  or  home  range  dif- 
fered significantly  from  use  at  random,  as  de- 
termined with  Resource  Selection),  the  habitat 
types  can  be  ranked  in  order  of  increasing  rel- 
ative use.  If  a habitat  type  was  used  more  than 
expected  based  on  its  availability,  it  was  con- 
sidered to  be  preferred;  habitats  were  ranked 
from  least  preferred  (0)  to  most  preferred  (4; 
Aebischer  et  al.  1993).  Selection  index  graphs 
were  created  based  on  pairwise  comparisons 
of  means  of  the  log-ratios  of  habitat  use. 

RESULTS 

From  February  through  October  2002,  we 
captured  156  crows,  56  of  which  were  fitted 
with  a radio-transmitter.  Due  to  death,  missing 
signals,  or  radio-transmitter  failure,  only  45  of 
the  radio-tagged  crows  remained  in  the  study 
long  enough  for  us  to  acquire  a sufficient 
number  of  radio-locations  to  achieve  stability 
in  home-range  estimates.  Captures  of  these  45 
crows  took  place  from  25  March  to  10  Octo- 
ber, with  80%  of  the  captures  occurring  after 
mid-June  (Fig.  1).  This  sample  was  composed 
of  individuals  from  the  various  age  and  sex 
categories  as  follows:  26  hatch-year  females, 
7 hatch-year  males,  3 sub-adult  females,  4 
sub-adult  males,  4 adult  females,  and  1 adult 
male.  The  number  of  locations  obtained  for  all 
crows  was  2,147,  with  an  average  number  of 
48  locations  per  crow. 

During  our  study,  68%  of  radio-tracked 
crows  died  and  tested  positive  for  WNV  (in- 
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eluding  some  crows  for  which  home  ranges 
I were  not  estimated  due  to  a lack  of  sufficient 
' number  of  locations;  Yaremych  et  al.  2004b). 

Observations  of  10  infected  crows  1 to  2 days 
; before  death  indicated  a change  in  their  nor- 
mal movement  patterns.  For  example,  three 
sick  crows  either  did  not  return  to  a nighttime 
roost  from  the  communal  feeding  area  in  the 
afternoon,  or  did  not  fly  to  the  feeding  area 
: from  the  roost  in  the  morning.  Instead,  these 
crows  were  found  alone  between  the  day  and 
nighttime  areas,  and  they  did  not  feed.  One 
crow  was  perched  in  a tree  with  one  eye 
closed.  Other  crows  were  found  on  the  ground 
and  did  not  move  as  we  approached,  and  were 
found  dead  later  that  day  or  the  next  morning. 

I We  removed  the  last-location  data  points 
1 (crows  not  moving)  before  computing  home 
, ranges  for  the  crows  that  we  tracked  imme- 
I diately  before  death  due  to  WNV.  According- 
i ly,  our  analysis  represents  the  movement  and 
i habitat  use  of  crows  displaying  normal  move- 
I ment  patterns.  In  many  situations,  a crow  was 
I located  at  a regular  roost  at  night,  and  by  the 
: next  tracking  session  (1-2  days  later),  the 
I crow  was  found  dead  in  urban  habitat  near  the 
roost;  thus,  there  were  no  observations  indi- 
i eating  that  the  crow  was  sick. 

The  95%  minimum  convex  polygon  home- 
range  sizes  for  hatch-year,  sub-adult,  and  adult 
; crows  averaged  9.6,  6.7,  and  6.4  km^,  respec- 
tively. The  50%  (core  area)  and  95%  adaptive 
kernel  home-range  sizes  were  hatch-year 
crows:  2.3  and  14.4  km^;  sub-adults:  1.1  and 
6.9  km^;  and  adults:  1 . 1 and  6. 1 km^,  respec- 
tively. Home-range  size  did  not  differ  signif- 
icantly between  sexes  (Mann- Whitney  f/-test 
= 154,  df  = 1,  F = 0.44),  or  among  age  clas- 
ses (Kruskal-Wallis  //-test  = 2.47,  df  = 2,  P 
= 0.25).  The  average  minimum  convex  poly- 
I gon  home-range  size  across  sexes  and  age 
i classes  was  7.6  knF.  Home  ranges  of  crows 
' overlapped  extensively.  Crows  were  frequenl- 
I ly  located  during  the  day  in  agricultural  hab- 
i|  itat  south  of  the  residential  area  where  they 
, roosted.  The  agricultural  habitat  was  a coni- 
‘ munal  feeding  area,  and  crows  of  many  family 
groups  fed  there  for  the  duratiofi  of  spring-to- 
fall  tracking. 

The  study  site  was  composed  of  38%  ag- 
riculture, 30%  low-  to  medium-density  urban, 
22%  high-density  urban,  5%  forest,  and  5% 
i urban  open  space.  Habitat  use  within  the  study 


site  (all  ages  and  sex  classes)  differed  signif- 
icantly from  random  (P  < 0.001);  i.e.,  crows 
established  home  ranges  in  a non-random 
manner.  Habitat  use  within  home  ranges  also 
differed  from  random  {P  < 0.001).  In  the 
study  site  analysis  (home  range  versus  study 
site),  crows  preferred  low-density  urban  areas 
and  tended  to  avoid  the  more  forested  areas; 
in  the  home-range  analysis  (locations  versus 
home  range),  crows  preferred  agricultural  cov- 
er and  tended  to  avoid  high-density  urban  ar- 
eas (Fig.  2).  Resource  ranking  matrices,  which 
rank  the  cover  types  according  to  relative  use 
(highest-ranking  habitat  is  most  preferred) 
were  (1)  study  site  analysis  (P  < 0.001):  for- 
est = 0,  agriculture  = 1,  high-density  urban 
= 2,  urban  open  space  = 3,  low-density  urban 
= 4;  (2)  home-range  analysis  {P  < 0.001): 
high-density  urban  = 0,  urban  open  space  = 
1,  forest  = 2,  low-density  urban  = 3,  agri- 
culture = 4.  Crows  of  all  age  classes  dem- 
onstrated a general  pattern  of  foraging  in  ag- 
ricultural areas  during  the  daytime  and  roost- 
ing in  urban  areas  at  night.  All  crows  in  this 
study  were  captured  in  the  agricultural  areas 
and  all  roosted  in  the  adjacent  urban  areas, 
with  fidelity  to  one  or  two  preferred  roosts  and 
occasional  travel  to  other  urban  roosts. 

When  comparing  age  classes  for  habitat 
composition  of  home  ranges,  adults  used  more 
forest  (13.0%)  than  both  hatch-year  crows 
(5.5%;  U = 145,  df  - P = ().004)  and  sub- 
adult crows  (6.0%;  U = 28.5,  df  = 1,  F = 
0.044).  For  each  of  the  five  habitats,  no  dif- 
ferences {U  = 160-254,  df  = 1,  P = 0.079- 
0.488)  were  detected  in  habitat  composition  of 
the  home  ranges  used  by  males  and  females. 
Habitat  composition  of  telemetry  locations 
was  different  among  age  classes  for  low-  to 
medium-density  urban  habitat  only  (//  = 6.58, 
df  = 2,  P = 0.038):  sub-adults  used  this  hab- 
itat more  than  hatch-year  crows  {U  = 181.5. 
df  = \,  P = 0.0 10)  or  adult  crous  ((/  = 6,  tlf 
= \,  P = 0.037).  Habitat  composition  at  te- 
lemetry location  sites  differed  betueen  sexes: 
females  used  agriculture  ((/  = 102,  tlf  = \,  P 
= ().()07)  and  lorest  {U  = 130,  dl  - \,  P = 
0.042)  more  than  males,  anti  males  usetl  high- 
density  urban  habitat  ((/  - 268.5.  til  ^ I , /^ 
= 0.036)  anti  low-  to  metlium-tlensity  urban 
habitat  more  iU  - 304.  tlf'  1 . “ 0.()()3) 

than  Icmales. 
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FIG.  2.  Habitat  selection  indices  at  the  scales  of  study  site  and  home  range  for  American  Crows  in  east- 
central  Illinois,  late  spring  through  fall,  2002.  Positive  values  indicate  selection,  and  negative  values  indicate 
avoidance.  Bars  show  log-ratio  means  of  habitat  selection  for  crows.  Error  bars  are  ± SE. 


DISCUSSION 

Our  data  afford  a general  picture  of  where 
crows  spend  time  during  late  spring  through 
fall,  and  are  of  timely  interest  in  defining  the 
potential  role  of  crows  in  the  spread  of  WNV. 
After  beginning  to  feed  on  their  own,  young 
crows  appeared  to  enter  the  traps  on  the  com- 


munal feeding  areas  more  readily  than  the  old- 
er crows,  perhaps  because  younger  birds  are 
less  experienced.  The  result  is  an  age  bias  in 
our  sample  toward  hatch-year  crows.  Home 
ranges  were  constructed  for  the  cumulative 
season  of  late  March  through  the  end  of  Oc- 
tober, with  most  crows  entering  the  study  in 


Yaremych  et  al.  • HOME  RANGES  OE  AMERICAN  CROWS 


237 


mid-June  and  later,  and  crows  exiting  the 
study  throughout.  The  majority  of  the  captures 
before  mid-June  were  sub-adult  and  adult 
crows,  whereas  the  majority  of  captures  in  late 
June  and  later  were  hatch-year  birds.  The  dif- 
ferences in  habitat  use  among  age  classes  may 
relate  to  the  temporal  bias  in  our  sampling, 
with  adults  possibly  using  more  forest  in  the 
early  portion  of  the  study  because  many  nest- 
ed in  forest.  As  a majority  of  crows  were  cap- 
tured in  mid-June  and  later,  our  study  does  not 
focus  on  home  ranges  of  breeding  crows.  In 
east-central  Illinois,  crows  mate  in  late  Feb- 
ruary and  early  March,  and  a majority  of 
young  crows  have  left  the  nest  by  May  (Gra- 
ber  et  al.  1987).  The  crows  of  Urbana-Cham- 
paign  had  larger  home  ranges  compared  with 
those  of  crows  studied  in  New  Jersey,  New 
York,  and  Manitoba  (Stouffer  and  Caccamise 
1991,  Sullivan  and  Dinsmore  1992,  McGowan 
2001).  Some  of  the  variation  among  studies  is 
due  to  differences  in  how  area  use  was  mea- 
sured (defended  territories  in  New  York;  com- 
plete 95%  home  ranges  in  Urbana-Cham- 
paign;  Marzluff  et  al.  2001),  seasonality  (mid- 
April  through  mid-July  in  Manitoba;  locations 
taken  through  the  fall  in  Urbana-Champaign), 
and  time  periods  (daytime  home  ranges  in 
New  Jersey;  combined  daytime  plus  nighttime 
home  ranges  in  Urbana-Champaign). 

That  home-range  sizes  of  crows  did  not  dif- 
fer among  age  classes  may  be  a result  of  small 
sample  sizes  for  the  older  age  classes  in  the 
late  season.  As  several  crows  entered  the 
study  in  September  and  October,  location  data 
contributed  by  these  birds  to  the  overall  home- 
range  and  habitat-use  estimates  were  for  the 
later  months  only.  Accordingly,  individuals 
captured  early  in  the  study,  but  which  died 
before  the  study  ended,  contributed  only  early 
season  data.  We  note  that  the  general  move- 
ment patterns  of  the  crows  did  not  differ 
throughout  the  study  period:  in  general,  all 
crows  were  captured  in  agricultural  feeding 
areas,  these  feeding  areas  were  used  through- 
out the  entire  tracking  season,  most  crows 
roosted  in  urban  areas,  and  the  same  urban 
roosts  were  used  continually  throughout  the 
tracking  season. 

Crows  selected  low-  to  medium-density  ur- 
ban cover  and  tended  to  avoid  the  more  for- 
ested areas.  Differential  habitat  use  may  be 
related  to  diet  (Marzluff  et  al.  2001 ).  The  ur- 


ban environment  may  provide  food  sources  to 
supplement  agricultural  foraging,  resulting  in 
a diminishing  need  for  forest  food  resources. 
The  juxtaposition  of  urban  and  agricultural 
habitat  within  our  study  site  may  facilitate  the 
exploitation  of  abundant  and  easily  located 
anthropogenic  food  resources  in  the  agricul- 
tural and  urban  areas.  While  in  the  agricultural 
setting,  crows  tended  to  be  found  feeding  in 
the  fields  that  were  most  recently  tilled  or  har- 
vested to  exploit  recently  uncovered  inverte- 
brates and  waste  grains.  While  in  the  urban 
setting,  crows  commonly  fed  from  dumpsters 
and  were  found  in  picnic  areas  and  parking 
lots.  The  preference  of  crows  for  low-  to  me- 
dium-density urban  cover  may  expose  crows 
to  the  primary  vector  of  WNV  in  Illinois,  the 
urban-dwelling  Culex  pipiens  (Foster  and 
Walker  2002). 

The  period  of  our  study  on  crow  movement 
and  habitat  use  overlapped  the  mosquito  sea- 
son, thus  representing  the  WNV  transmission 
season.  The  high  mobility  of  crows  under- 
scores the  potential  importance  of  this  species 
in  the  transmission  of  WNV  over  a large  spa- 
tial area,  although  the  movement  of  infected 
crows  in  nature  is  difficult  to  study  because 
the  exact  time  of  exposure  of  crows  to  WNV 
is  unknown.  The  general  daily  pattern  of  feed- 
ing in  agricultural  cover  and  roosting  in  urban 
cover  is  evidence  for  potential  movement  of 
WNV  between  two  distinct  habitats  if  crows 
carry  the  virus  between  habitats  and  if  mos- 
quitoes feed  upon  birds  in  both  areas. 

In  laboratory  settings,  crows  die  of  WNV 
within  4-7  days  post-infection  (McLean  et  al. 
2()01,  Komar  et  al.  2003),  and  are  sufficiently 
viremic  to  infect  a feeding  mosquito  for  3-5 
days  before  death  (Komar  et  al.  2003).  Our 
field  observations  of  sedentary,  defenseless 
behavior  in  WNV-positive  crows  1-2  days  be- 
fore death  suggest  that  an  infected  crow  may 
provide  an  easy  blood  meal  for  bird-feeding 
mosquitoes,  and  crows  may  serve  as  re.ser- 
voirs  for  WNV  transmission.  Our  observa- 
tions that  crows  became  notably  disabled  only 
for  a short  time  (reduced  movement  1-2  days 
before  death)  suggest  that  crows  may  travel  to 
regular  communal  feeding  areas  and  roosts 
while  infected  and  transport  WNV  across  an 
average  home-range  size  of  7.6  kiiF. 


238 


THE  WILSON  BULLETIN  • Vol.  116,  No.  3,  September  2004 


ACKNOWLEDGMENTS 

The  authors  would  like  to  thank  G.  L.  Hamer,  A.  J. 
Arnold,  and  C.  Warner  for  field  assistance;  J.  M.  Sieg- 
rist  for  software  assistance;  and  N.  M.  Krasavin,  R.  L. 
Lampman,  and  A.  M.  Ringia  for  assistance  throughout. 
We  thank  J.  D.  Brawn,  C.  Caffrey,  N.  Komar,  and  two 
anonymous  reviewers  for  their  significant  contribu- 
tions to  our  manuscript.  This  research  was  supported 
by  Centers  for  Disease  Control  and  Prevention  Grant 
PHS  U50  CCU52051  (RJN),  Illinois  Waste  Tire  Eund 
(RJN),  Illinois  Department  of  Natural  Resources,  Illi- 
nois Natural  History  Survey,  and  the  Mclntire-Stennis 
Eorestry  Research  Act  Project  (PCM  and  REW). 

LITERATURE  CITED 

Aebischer,  N.  j.,  P.  a.  Robertson,  and  R.  E.  Ken- 
ward.  1993.  Compositional  analysis  of  habitat  use 
from  animal  radio-tracking  data.  Ecology  74: 
1313-1325. 

Cochran,  W.  W.  1980.  Wildlife  telemetry.  Pages  507- 
520  in  Wildlife  management  techniques  manual, 
4th  ed.  (S.  D.  Schemnitz,  Ed.).  The  Wildlife  So- 
ciety, Washington,  D.C. 

Dunstan,  T.  C.  1973.  A tail  feather  package  for  radio- 
tagging raptorial  birds.  Inland  Bird  Banding  News 
45:6-10. 

Environmental  Syste.ms  Research  Institute.  1998. 
ArcView  GIS,  ver.  3.2a.  Environmental  Systems 
Research  Institute,  Redlands,  California. 

Eoster,  W.  a.  and  E.  D.  Walker.  2002.  Mosquitoes 
(Culicidae),  chapter  12.  Pages  204-262  in  Medi- 
cal and  veterinary  entomology  (G.  Mullen  and  L. 
Durden,  Eds.).  Academic  Press.  New  York. 
Gr-aber,  R.  R.,  j.  W.  Gr.\ber,  and  E.  L.  Kirk.  1987. 
American  Crow.  Pages  18-34  in  Illinois  birds: 
corvidae  biological  notes,  no.  126.  Illinois  Natural 
History  Survey,  Urbana,  Illinois. 

Guptill,  S.  C.,  K.  G.  Julian,  G.  L.  C.ampbell,  S.  D. 
Price,  and  A.  A.  Marfin.  2003.  Early-season  avi- 
an deaths  from  West  Nile  virus  as  warnings  of 
human  infection.  Emerging  Infectious  Diseases  9: 
483-484. 

Heinz-Taheny,  K.  M..  j.  J.  Andrews,  M.  J.  Kinsel, 
A.  P.  Pessier,  M.  E.  Pinkerton,  K.  Y.  Lemberger, 
R.  J.  Novak,  G.  Dizikes,  N.  Komar,  and  E.  Ed- 
wards. 2004.  West  Nile  virus  infection  in  free- 
ranging  squirrels  in  Illinois.  Journal  of  Veterinary 
Diagnostic  Investigations.  In  press. 

Illinois  Interagency  Landscape  Classification  Pro- 
ject. 2003.  Statewide  mosaic  of  the  land  cover  of 
Illinois  2000.  Online  at  <http://www.agr.state.il. 
us/gis/landcover.html>  (accessed  June  2003). 
Kalmbach,  E.  R.  and  S.  E.  Aldous.  1940.  Winter 
banding  of  Oklahoma  crows.  Wilson  Bulletin  52: 
198-206. 

Komar,  N..  S.  Langevin,  S.  Hinten,  N.  Ne.meth,  E. 
Edwards.  D.  Hettler,  B.  Davis.  R.  Bowen,  and 
M.  Bunntng.  2003.  Experimental  infection  of 
North  American  birds  with  the  New  York  1999 


strain  of  West  Nile  virus.  Emerging  Infectious 
Diseases  9:31 1-322. 

Lanciotti,  R.  S.,  a.  j.  Kerst,  R.  S.  Nasci,  M.  S.  God- 
SEY,  C.  J.  Mitchell,  H.  M.  Savage,  N.  Komar, 
N.  A.  Panella,  B.  C.  Allen,  K.  E.  Volpe,  B.  S. 
Davis,  and  J.  T.  Roehrig.  2000.  Rapid  detection 
of  West  Nile  virus  from  human  clinical  specimens, 
field-collected  mosquitoes,  and  avian  samples  by 
a TaqMan  reverse  transcriptase-PCR  assay.  Jour- 
nal of  Clinical  Microbiology  38:4066-4071. 

Leban,  E 1999.  Resource  selection  analysis  software 
for  Windows  95/NT.  University  of  Idaho,  Mos- 
cow. 

Marzluff,  j.  M.,  K.  j.  McGowan,  R.  E.  Donnelly, 
AND  R.  L.  Knight.  2001.  Causes  and  consequenc- 
es of  expanding  American  Crow  populations.  Pag- 
es 331-363  in  Avian  conservation  and  ecology  in 
an  urbanizing  world  (J.  M.  Marzluff,  R.  Bowman, 
and  R.  E.  Donnelly,  Eds.).  Kluwer,  Norwell,  Mas- 
sachusetts. 

McGowa.n,  K.  j.  2001.  Demographic  and  behavioral 
comparisons  of  suburban  and  rural  American 
Crows  (Corx'iis  brachyrhynchos).  Pages  365-381 
in  Avian  conservation  and  ecology  in  an  urban- 
izing world  (J.  M.  Marzluff,  R.  Bowman,  and  R. 
E.  Donnelly,  Eds.).  Kluwer,  Norwell,  Massachu- 
setts. 

McLean,  R.  G.,  S.  R.  Ubico,  D.  E.  Docherty,  W.  R. 
Hansen,  L.  Sielo,  a.nd  T.  S.  McNamera.  2001. 
West  Nile  virus  transmission  and  ecology  in  birds. 
Pages  54-57  in  West  Nile  virus:  detection,  sur- 
veillance, and  control  (D.  J.  White  and  D.  L. 
Morse,  Eds.).  Annals  of  the  New  York  Academy 
of  Sciences,  vol.  951. 

Mohr,  C.  O.  1947.  Table  of  equivalent  populations  of 
North  American  small  mammals.  American  Mid- 
land Naturalist  37:223-249. 

Nasci,  R.  S.,  N.  Komar,  A.  A.  Marfin,  G.  V.  Ludwig, 
L.  D.  Kr-xmer,  T.  j.  Daniel,  R.  C.  Ealco,  S.  R. 
Campbell,  K.  Brookes,  K.  L.  Gottfried,  K.  L. 
Burkhalter,  S.  E.  Aspen,  A.  J.  Kerst,  R.  S.  Lan- 
ciotti, AND  C.  G.  Moore.  2002.  Detection  of  West 
Nile  virus-infected  mosquitoes  and  seropositive 
juvenile  birds  in  the  vicinity  of  virus-positive  dead 
birds.  American  Journal  of  Tropical  Medicine  and 
Hygiene  67:492-496. 

Pyle,  P.  1997.  Identification  guide  to  North  American 
birds,  part  1.  Slate  Creek  Press,  Bolinas,  Califor- 
nia. 

Rowley,  I.  1968.  The  ABC  of  crow  catching.  Austra- 
lian Bird  Bander  6:47-55. 

Stouffer,  P.  C.  and  D.  E Caccamise.  1991.  Roosting 
and  diurnal  movements  of  radio-tagged  American 
Crows.  Wilson  Bulletin  103:387-400. 

Sullivan,  B.  D.  and  J.  J.  Dins.more.  1992.  Home 
range  and  foraging  habitat  of  American  Crows, 
Conus  brachyrhynchos,  in  a waterfowl  breeding 
area  in  Manitoba.  Canadian  Eield  Naturalist  106: 
181-184. 

Verbeek,  N.  a.  M.  and  C.  Caffrey.  2002.  American 


Yaremych  et  al.  • HOME  RANGES  OF  AMERICAN  CROWS 


239 


Crow  {Corvus  brachyrhynchos).  The  Birds  of 
North  America,  no.  647. 

WoRTON,  B.  J.  1989.  Kernel  methods  for  estimating 
the  utilization  distribution  in  home-range  studies. 
Ecology  70:164-168. 

Yaremych,  S.  A.,  J.  Levengood,  R.  Novak,  R C. 
Mankin,  and  R.  E.  Warner.  2004a.  Gender  de- 


termination and  lack  of  sex-specific  West  Nile  vi- 
rus mortality  in  American  Crows.  Wildlife  Society 
Bulletin  32:893-899. 

Yaremych,  S.  A.,  R.  E.  Warner,  P.  C.  Mankin,  J.  D. 
Brawn,  A.  Raim,  and  R.  Novak.  2004b.  West 
Nile  virus  and  high  death  rate  in  American  Crows. 
Emerging  Infectious  Diseases  10:709-711. 


I 

I 

I 


I 

I 


Wilson  Bulletin  1 1 6(3):240-245,  2004 


A COMPARISON  OF  TECHNIQUES  FOR  MARKING 
PASSERINE  NESTLINGS 

J.  RYAN  ZIMMERLING,!  23  g.  EOIN  CRAIGIEJ  AND  ANDREA  E.  ROBINSON^ 


ABSTRACT. — We  examined  eight  marking  techniques  designed  specifically  for  use  on  newly  hatched  Red- 
winged Blackbird  (Agelaius  phoeniceus)  nestlings  (colored  polishes  applied  to  either  the  culmen  or  the  hallux; 
colored  elastic,  plastic,  or  band-aid  bands  applied  to  the  tarsus;  stains  applied  to  either  the  superciliary  down  or 
the  tarsus;  and  superciliary  down  clipping)  to  determine  which  technique  had  the  shortest  application  time  and 
longest  retention.  Application  times  and  retention  rates  varied  between  marking  techniques,  but  this  did  not 
affect  nestling  growth  or  survival.  Clipping  of  superciliary  down  feathers  had  the  shortest  application  time  and 
the  highest  retention  rate  of  all  techniques  studied.  This  technique,  however,  is  only  applicable  to  species  whose 
newly  hatched  young  have  superciliary  down.  Other  techniques  examined  had  comparably  short  application 
times,  but  were  not  retained  for  the  entire  nestling  period.  Received  19  March  2004,  accepted  31  August  2004. 


Adult  birds  are  marked  for  individual  iden- 
tification by  various  techniques,  including  at- 
tachment of  patagial  tags  (Brua  1998),  nasal 
saddles  (Koob  1981),  plastic  neckbands 
(Helm  1955),  and  aluminum  or  colored  leg 
bands  (Marion  and  Shamis  1977).  However, 
such  techniques  are  often  not  suitable  for 
marking  young  birds  because  of  their  rapid 
change  in  body  size  as  they  grow.  Nonethe- 
less, it  is  often  necessary  to  identify  individual 
nestlings  when  studying  nestling  growth  rates 
(Degen  et  al.  1992),  begging  behavior  (Bach- 
man and  Chappell  1998,  Saino  et  al.  2001), 
survival  rates  (Howe  1976),  or  the  effects  of 
human  disturbance  (Davis  and  Parsons  1991, 
Fernandez  1993). 

Only  a few  techniques  exist  for  the  sole 
purpose  of  identifying  passerine  nestlings, 
such  as  colored  plastic  bands  (Harper  and 
Neill  1990),  band-aids  or  plastic  tape  (Down- 
ing and  Marshall  1959),  threads  tied  around 
the  tarsus  (Oniki  1981),  colored  dyes  or  ink 
(Redondo  and  Castro  1992),  and  colored  nail 
polish  applied  to  the  hallux  (Holcomb  and 
Twiest  1971).  As  with  many  techniques,  Hol- 
comb and  Twiest  (1971)  found  that  nail  polish 
required  reapplication  every  2 days  during  the 
nestling  period  to  ensure  identification  of  in- 
dividuals. Other  marking  techniques,  such  as 
India  ink  tattoo  marking  on  the  abdomen 
(Ricklefs  1973)  and  clipping  toenails  (St.  Lou- 
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is  et  al.  1989),  do  not  require  reapplication 
throughout  the  nestling  period,  but  they  are 
often  difficult  to  apply  or  expensive  to  use 
[e.g.,  passive  integrated  transponders  (RI.T.) 
tags;  Carver  et  al.  1999].  Marking  techniques 
that  require  frequent  reapplication  or  that  have 
a long  application  time  may  result  in  increased 
nest  disturbance.  For  some  nidicolous  species 
[e.g..  Northern  Harriers  {Circus  cyaneus)], 
even  low  levels  of  human  disturbance  can  re- 
duce parental  care,  increase  parental  alarm 
calls,  increase  nestling  blood  urea  levels,  and 
decrease  the  number  of  feeding  trips  by  par- 
ents (Fernandez  1993).  Furthermore,  nest  vis- 
itation by  humans  may  also  increase  total  nest 
mortality  by  predation  (Bart  1984)  because 
the  nest  is  unguarded  for  some  time  until  the 
parent  returns. 

An  ideal  marking  technique  for  passerine 
nestlings  would  be  inexpensive,  readily  avail- 
able to  researchers,  have  a short  application 
time,  and  maintain  its  color  or  visibility  for 
the  duration  of  the  nestling  period.  Based  on 
these  criteria,  the  primary  objective  of  our  re- 
search was  to  determine  which  of  the  follow- 
ing marking  techniques  was  best  suited  for 
marking  Red-winged  Blackbird  {Agelaius 
phoeniceus)  nestlings:  (1)  nail  polish  applied 
to  the  hallux;  (2)  nail  polish  applied  to  the 
culmen;  (3)  colored  plastic  bands  applied  to 
the  tarsus;  (4)  colored  elastic  bands  applied  to 
the  tarsus;  (5)  colored  band-aids  applied  to  the 
tarsus;  (6)  stains  applied  to  the  superciliary 
down;  (7)  stains  applied  to  the  skin;  or  (8) 
superciliary  down  clipping.  Our  secondary 
objective  was  to  determine  whether  marker 
application  time  or  the  type  of  identification 
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marker  used  affected  nestling  growth  or  sur- 
vival rates  prior  to  fledging. 

METHODS 

We  conducted  our  study  during  May 
through  July,  2001-2002,  in  eastern  and 
southern  Ontario.  We  searched  for  Red- 
winged Blackbird  nests  every  other  day  with- 
in the  emergent  vegetation  around  wetlands 
near  the  towns  of  Amprior  (45°  26'  N,  76°  21 ' 
W),  and  Long  Point  (42°  34'  N,  80°  25'  W). 
Nests  were  marked  and  numbered  using  in- 
conspicuous flagging  tape  placed  approxi- 
mately 2 m from  the  nest.  During  late  incu- 
bation, Red-winged  Blackbird  nests  were 
checked  daily  for  newly  hatched  (<24  hr  old) 
nestlings.  Each  nestling  in  a brood  was 
marked  with  a different  technique  chosen  at 
random  with  the  constraint  that,  for  most 
nests,  one  nestling  from  each  brood  would  be 
marked  with  nail  polish  applied  to  the  hallux 
(for  other  research  activities).  For  Red-winged 
Blackbird  clutches  that  hatched  asynchronous- 
ly, nests  were  visited  at  least  once  daily  during 
the  hatching  period,  so  that  each  last-hatched 
nestling  could  be  marked  within  24  hr  of 
hatching. 

Marking  techniques. — The  nail  polish  tech- 
nique was  divided  into  two  methods,  based  on 
the  appendage  being  marked:  either  the  nail 
of  the  hallux  (hereafter  referred  to  as  hallux), 
or  the  upper  mandible.  Revlon  Top  Speed  60- 
sec  quick  drying  nail  polishes  in  red  (beet), 
purple  (eggplant),  and  brown  (mocha)  were 
used  because  these  colors  were  easily  distin- 
guishable from  one  another  and  from  the  hal- 
lux of  nestlings.  Application  of  nail  polish  to 
the  hallux  required  a nestling  to  be  inverted 
in  the  palm  of  one  hand  while  using  the  other 
hand  to  apply  polish  to  the  entire  hallux  with 
the  polish  applicator.  The  polish  was  allowed 
to  dry  for  60  sec  before  the  marked  nestling 
was  returned  to  the  nest.  Returning  a nestling 
to  the  nest  before  the  polish  was  completely 
dry  sometimes  resulted  in  the  nestling's  digits 
becoming  stuck  together.  These  same  polish 
colors  and  methods  were  used  to  apply  nail 
polish  to  the  nestling's  upper  mandible.  Using 
the  applicator,  a stripe  of  polish  was  applied 
from  just  below  the  nares  to  the  tip  of  the 
mandible. 

The  colored  leg  band  technique  was  divided 
into  three  methods,  based  on  material  used: 


colored  plastic,  colored  elastics,  or  colored 
band-aids.  Plastic  leg  bands  were  modified 
from  decorative  colored  beads,  and  were  cut 
so  that  they  were  3 mm  in  diameter  and  1 mm 
in  length.  Each  band,  the  color  of  which  was 
chosen  at  random,  was  placed  on  a bander’s 
shoehorn,  and  then  slipped  over  the  tarsus. 
Because  the  bands  were  opened  lengthwise,  it 
was  assumed  that  they  would  expand  as  the 
nestling’s  tarsus  grew.  Elastic  bands  used  for 
tightening  tooth  braces  and  readily  available 
from  dental  offices  were  also  used  to  mark 
Red-winged  Blackbird  nestlings.  Applying 
elastic  bands  required  the  band  to  be  opened 
slightly,  usually  with  tweezers,  and  then 
slipped  over  the  digits  to  the  proximal  end  of 
the  tarsus.  The  band-aid  band  was  modified 
from  Johnson  & Johnson’s  miniature  band- 
aids  that  had  been  cut  lengthwise  into  two 
equal  pieces  (5  X 35  mm).  To  apply  the  band- 
aid  leg  band,  the  cotton  center  of  the  band-aid 
was  placed  around  the  tarsus  and  then  the  two 
adhesive  ends  were  connected  to  create  a snug 
fit  around  the  tarsus.  The  excess  adhesive  ends 
were  trimmed  nearly  flush  with  the  tarsus. 

The  staining  technique  was  divided  into 
two  methods,  based  on  the  location  being 
marked:  either  the  superciliary  down  feathers 
(eyebrow  stripe)  or  the  skin  of  the  tarsus.  Us- 
ing an  eyedropper,  one  drop  of  blue  drawing 
ink  was  placed  directly  on  the  superciliary 
down  feathers  and  brushed  through  the  down 
with  a small  paintbrush.  Care  was  taken  not 
to  allow  ink  to  get  into  the  nestling’s  eyes.  The 
stain  was  then  allowed  to  dry  (~1  min)  before 
the  nestling  was  returned  to  the  nest.  Other 
nestlings  were  marked  by  applying  a drop  of 
ink  to  the  tibio-tarsal  joint  (heel),  brushing  it 
evenly  over  the  skin  with  a small  paintbrush, 
and  then  allowing  it  to  dry  completely  (~1 
min)  before  the  nestling  was  returned  to  the 
nest. 

The  final  technique  used  to  mark  Red- 
winged Blackbird  nestlings  was  superciliary 
down  clipping.  Once  nestlings  were  immobi- 
lized, fine  scissors  were  used  to  trim  one  half 
(either  front  half  or  back  half)  (fi'  either  the 
right  or  left  superciliary  down  stripe,  produc- 
ing four  unique  markings. 

Methods  of  assessment. — 'fhe  time  (±  1 sec) 
to  apply  a marker  was  recorded  from  the  mo- 
ment the  nestling  had  settled  in  the  hand  until 
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the  marker  was  dry,  securely  fastened  to  the 
tarsus,  or  the  superciliary  down  was  cut. 

After  initial  application  of  markers  to  newly 
hatched  nestlings,  nests  were  revisited  every 
other  day  to  assess  the  markers.  In  Ontario, 
nestlings  usually  fledge  when  they  are  10-1 1 
days  old,  but  may  leave  their  nests  prema- 
turely if  they  are  handled  after  8 days  of  age. 
Thus,  we  did  not  assess  markers  beyond  the 
9th  day  of  the  nestling  period;  if  a marker  was 
still  present  at  day  9,  we  recorded  it  as  “pre- 
sent at  fledging.”  Percent  and/or  intensity  of 
polishes  and  stains  present  was  assessed  sub- 
jectively, based  on  the  amount  of  original 
marker  remaining  on  the  nestling.  To  mini- 
mize bias,  we  devised  a scoring  system  for 
recording  percentages.  When  the  percentage 
of  marker  remaining  fell  below  10%  (i.e., 
barely  visible),  nestlings  were  remarked.  If, 
during  the  nestling  period,  leg  bands  fell  off 
or  were  missing,  the  same  band  type  was  re- 
applied. If  a marker  had  to  be  reapplied,  and 
the  nestling  survived  until  fledging,  the  mark- 
er was  scored  as  not  present  at  fledging  (day 
9). 

Growth  rates. — Many  studies  of  nestling 
performance  have  measured  nestling  growth 
as  the  daily  change  in  mass  from  hatching  un- 
til fledging  (e.g.,  Quinney  et  al.  1986).  To  de- 
termine whether  marking  techniques  affected 
nestling  growth,  newly  hatched,  marked  nest- 
lings were  weighed  (±  0.01  g)  using  a digital 
scale.  Time  of  day  when  nestlings  hatched 
was  estimated  ( ± 6 hr)  based  on  their  size  and 
on  the  state  (wet  or  dry)  of  their  natal  down. 
When  surviving  nestlings  were  8 days  old, 
they  were  reweighed  (±  0.01  g).  Last-hatched 
nestlings  from  asynchronously  hatching 
broods  were  remeasured  the  day  after  their 
older  siblings  were  measured.  These  data  were 
used  to  calculate  nestling  growth  rates.  The 
fate  of  nestlings  and  all  incidences  of  nestling 
injury,  disappearance,  or  death  were  recorded. 
A nestling  was  recorded  as  fledged  if  it  sur- 
vived to  9 days  of  age. 

Statistical  analyses. — One-way  ANOVA 
was  used  to  determine  whether  initial  marker 
application  time  and  nestling  growth  rate  dif- 
fered among  marking  techniques.  When  sig- 
nificant differences  were  found  {P  < 0.05), 
post-hoc  comparisons  were  conducted  using 
Tukey’s  test.  Using  the  Mayfield  method 
(Mayfield  1961,  1975),  we  calculated  daily 


survival  rates  of  nestlings  for  each  marking 
technique.  The  Mayfield  daily  survival  rate  is 
the  probability  that  nestlings  will  survive  until 
the  next  day.  Similarly,  for  each  marking  tech- 
nique, we  calculated  the  probability  that  the 
marker  would  be  retained  until  the  next  day. 
Standard  errors  for  Mayfield  estimates  were 
calculated  using  methods  described  by  John- 
son (1979).  We  used  chi-square  analysis  to  de- 
termine whether  the  number  of  nestlings  that 
survived  to  fledging  differed  among  marking 
techniques.  A chi-square  analysis  was  also 
used  to  determine  whether  the  number  of 
markers  present  at  fledging  differed  among 
treatments.  Results  for  all  statistical  analyses 
were  considered  significant  at  P < 0.05. 
Means  are  reported  ± SE. 

RESULTS 

We  found  1 14  Red-winged  Blackbird  nests 
and  marked  338  newly  hatched  nestlings.  Of 
nests  from  which  at  least  one  young  fledged 
{n  = 46  nests),  partial  brood  loss  {n  = 20 
nests)  was  usually  attributable  to  starvation  of 
the  last-hatched  young.  Complete  brood  loss 
{n  = 68  broods)  was  always  the  result  of  pre- 
dation. 

Mean  application  times  of  markers  ranged 
from  20-145  sec  (Table  1).  Colored  elastic 
bands  (mean  = 145.3  ± 20.3  sec)  and  band- 
aid  bands  (mean  = 137.4  ± 19.6  sec)  applied 
to  the  tarsus  had  the  longest  application  times, 
whereas  superciliary  down  clipping  (mean  = 
19.7  ± 2.2  sec)  had  the  shortest  application 
time.  Growth  rate  of  nestlings  did  not  differ 
(^7.109  ~ 0.82,  P = 0.58;  Table  1)  between  any 
of  the  marking  techniques.  However,  nestlings 
marked  with  stains  applied  to  the  superciliary 
down  had  the  slowest  growth  rate  (3.6  ± 0.5 
g/day)  and  nestlings  marked  with  elastic 
bands  applied  to  the  tarsus  had  the  fastest 
growth  rate  (4.4  ± 0.6  g/day).  The  proportion 
of  nestlings  that  fledged  did  not  differ  among 
the  eight  marking  techniques  (x^  = 10.1,  df  = 
7,  P = 0.18;  Table  1).  Daily  nestling  survival 
rate  was  highest  for  the  superciliary  down 
clipping  technique  (0.95  ± 0.02)  and  lowest 
(0.88  ± 0.02)  for  polish  applied  to  the  culmen. 
Marker  retention  (markers  present  at  fledging, 
or  9 days  of  age)  differed  among  techniques 
(X-  = 71.5,  df  = 7,  P < 0.001;  Table  1).  Daily 
marker  retention  rates  were  highest  for  nest- 
lings marked  with  superciliary  down  clipping 
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TABLE  1.  Number  of  Red-winged  Blackbird  {Agelaius  phoeniceus)  nestlings  marked,  mean  application  time 
(±  SE)  of  marker  type,  growth  rate  (±  SE)  of  nestlings,  number  of  nestlings  fledged  (those  surviving  to  day 
9),  daily  nestling  survival  rate  (±  SE),  number  of  markers  present  at  fledging  (i.e.,  those  present  at  day  9),  and 
daily  marker  retention  rate  (±  SE)  for  each  marking  technique.  Data  are  from  eastern  and  southern  Ontario, 
2001-2002. 


Technique 

Nestlings 

marked 

in) 

Mean 

application  time 
(sec) 

Growth  rate 
(g/day) 

Nestlings 

fledged 

in) 

Daily 

nestling 

survival 

Markers 
present  at 
fledging  in) 

Daily 

marker 

retention 

Polishes 

Culmen 

36 

70.7  ± 3.4 

4.3 

± 0.4 

10 

0.88 

± 0.02 

3 

0.80  ± 0.03 

Hallux 

96 

69.0  ± 4.0  C 

4.1 

± 0.6 

34 

0.91 

± 0.01 

0 

0.75  ± 0.02 

Leg  bands 

Plastic 

55 

60.3  ± 4.6  B 

4.0 

± 0.4 

19 

0.90 

± 0.02 

7 

0.85  ± 0.02 

Elastic 

36 

145.3  ± 20.3  D 

4.4 

± 0.6 

9 

0.89 

± 0.02 

7 

0.88  ± 0.02 

Band-aid 

28 

137.4  ± 19.6  D 

3.7 

± 0.3 

8 

0.89 

± 0.02 

2 

0.82  ± 0.03 

Stains 

Superciliary 

28 

74.3  ± 3.1  C 

3.6 

± 0.5 

9 

0.90 

± 0.02 

8 

0.89  ± 0.02 

Tarsus 

34 

75.7  ± 3.9  C 

3.8 

± 0.4 

13 

0.92 

± 0.02 

0 

0.76  ± 0.04 

Clipping 

Superciliary 

25 

19.7  ± 2.2  A 

4.0 

± 0.4 

15 

0.95 

± 0.02 

15 

0.95  ± 0.02 

P < O.OOE 

P = 

^ 0.58^ 

P = 0.18^ 

P < O.OOL 

^ Mean  application  times  followed  by  the  same  letter  were  not  significantly  different  (P  > 0.05)  from  one  another  in  pairwise  post-hoc  comparisons 
(Tukey’s  test). 

One-way  ANOVA. 

Chi-square  test,  df  = 7. 


(0.95  ± 0.02)  and  for  blue  ink  applied  to  su- 
perciliary down  feathers  (0.89  ± 0.02).  Pol- 
ishes applied  to  the  hallux  and  ink  applied  to 
the  tibio-tarsal  joint  had  the  lowest  daily 
marker  retention  rates  (0.75  ± 0.02  and  0.76 
± 0.04,  respectively)  and  never  lasted  until 
fledging  unless  they  were  reapplied. 

DISCUSSION 

Of  the  techniques  examined  in  our  study, 
superciliary  down  clipping  had  the  shortest 
application  time  of  any  marker  used  and  was 
readily  visible  for  the  entire  nestling  period. 
I This  technique  is  ideal  for  marking  Red- 
winged Blackbird  nestlings  because  capital 
tract  feathers  are  the  last  to  project  through 
the  epidermis  of  the  cranium  (Holcomb  and 
I Twiest  1971);  consequently,  the  white  super- 
1 ciliary  down  feathers  are  present  throughout 
' the  nestling  period.  Interestingly,  few  studies 
I have  reported  using  this  technique  for  mark- 
< ing  nestlings.  Magrath  ( 1991 ) marked  nestling 
Blackbirds  {Turdus  nicnda)  by  clipping  spe- 
cific tufts  of  down  to  allow  individual  recog- 
nition. Of  course,  this  technique  is  only  ap- 
plicable for  species  whose  nestlings  have  su- 
perciliary down  at  hatch. 


Although  there  was  considerable  variation 
in  application  times  of  marking  techniques, 
growth  rates  and  survival  of  nestlings  did  not 
differ  among  techniques.  This  suggests  that 
the  human  disturbance  associated  with  apply- 
ing markers  had  no  adverse  affects  on  growth 
or  survival  of  Red-winged  Blackbird  nestlings 
(St.  Louis  et  al.  1989).  However,  several 
marking  techniques  were  found  to  be  poten- 
tially harmful  to  nestlings.  Nestlings  marked 
with  stain  on  the  superciliary  down,  for  ex- 
ample, often  retained  the  marker  until  Hedg- 
ing, but  hve  marked  chicks  were  found  with 
their  superciliary  down  missing  (along  with 
the  colored  stain),  leaving  the  nestlings  bald. 
Hamel  (1974)  observed  a high  incidence  of 
color-marked  Common  Crackle  {Quisccdus 
cjuiscula)  nestlings  being  maimed  by  the  par- 
ent birds'  attempts  to  dispose  of  the  colored 
markers.  Oniki  (1981)  suggested  that  colored 
threads  used  to  mark  nestling  Slaty  Antshrikes 
{7'hamnop/iilns  punctatiis)  were  pecked  at  or 
pulled  off  by  adults  who  peer  into  the  nest 
heroic  and  during  brooding.  Hence,  ue  as- 
sumed that  the  hrootling  parents  pulled  out  the 
nestlings'  colored  down.  Crowth  rates  of  nest- 
lings marked  with  this  technique  did  not  differ 
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statistically  from  other  marking  techniques, 
but  nestlings  did  grow  0.3  g/day  slower  com- 
pared with  the  mean  growth  rate  of  all  other 
techniques  combined.  We  are  uncertain,  how- 
ever, whether  the  slow  growth  rates  were  due 
to  decreased  parental  brooding,  presence  of 
stain,  or  loss  of  nestling  down.  Because  there 
is  a strong  positive  relationship  between  fledg- 
ling weight  and  juvenile  survival  (Garnett 
1981,  Magrath  1991,  Keller  and  Van  Noord- 
wijk  1993),  staining  nestlings’  superciliary 
down  is  not  recommended  for  any  nestling 
studies,  especially  research  on  endangered  or 
threatened  species. 

Colored  plastic  bands  applied  to  the  tarsus 
of  nestlings  also  occasionally  caused  superfi- 
cial injuries  to  nestlings.  On  four  occasions 
when  chicks  were  remeasured  8 days  after 
hatching,  the  colored  plastic  leg  band  left  an 
indentation  in  the  leg  where  the  band  had  rest- 
ed. All  nestlings  maintained  grasping  abilities, 
but  it  was  not  possible  to  determine  whether 
there  were  any  chronic  effects.  Harper  and 
Neill  (1990)  also  reported  band  related  inju- 
ries (two  broken  tarsometatarsi  and  one  bro- 
ken hallux)  due  to  colored  plastic  bands  ap- 
plied to  nestling  House  Wrens  {Troglodytes 
aedon).  Larger-sized  plastic  bands  could  not 
be  used  to  mark  newly  hatched  nestlings  be- 
cause they  tended  to  slide  down  over  the  nest- 
ling’s toes  and  fall  off  completely.  Stonehouse 
(1978)  suggested  using  florist’s  wax  to  tem- 
porarily reduce  the  inside  diameter  of  rings, 
but  did  not  discuss  the  advantages  or  possible 
limitations. 

Although  nest  disturbance  may  not  have  ad- 
versely affected  growth  or  survival  in  this 
study,  there  are  important  consequences  for 
researchers  regarding  marker  application  time 
and  retention.  Elastic  bands  applied  to  the  tar- 
sus had  a high  retention  rate,  but  researchers 
who  anticipate  marking  large  numbers  of  nest- 
lings should  consider  the  time  involved  in  ap- 
plying the  elastic  bands.  For  instance,  marking 
a brood  of  four  nestlings  would  take  approx- 
imately 10  min  using  elastic  bands  on  the  tar- 
si. Because  some  wetlands  in  our  study  area 
had  80  Red-winged  Blackbird  nests,  approxi- 
mately 800  min  would  have  been  required  to 
mark  all  nestlings  on  that  site.  Investigators 
anticipating  small  sample  sizes  of  marked 
nestlings,  or  inability  to  revisit  the  nest  until 


fledging,  may  consider  the  durability  of  this 
marking  technique  particularly  advantageous. 

Nestlings  marked  with  either  polish  on  the 
culmen,  polish  on  the  hallux,  or  ink  on  the 
tarsus  never  retained  their  marker  for  the  du- 
ration of  the  nestling  period.  Strehl  and  White 
(1986)  encountered  similar  problems  (reappli- 
cation every  3rd  day  due  to  color  loss)  with 
Red-winged  Blackbird  nestlings  marked  under 
their  wings  with  a colored,  waterproof,  felt-tip 
marker.  These  techniques  should  be  consid- 
ered only  for  nestling  studies  where  it  is  pos- 
sible to  remark  nestlings  at  least  once  every  4 
days.  Red-winged  Blackbird  nestlings  that 
were  remarked  4 days  after  hatching  usually 
retained  their  marker  for  the  remainder  of  the 
nestling  period.  Because  these  markers  were 
among  the  quickest  to  apply,  they  would  be 
especially  suitable  for  nestling  studies  where 
large  sample  sizes  are  anticipated. 

Although  other  marking  techniques  for 
nestlings  may  exist,  our  results  demonstrate 
that  superciliary  down  clipping  is  an  inexpen- 
sive and  safe  technique  to  mark  Red-winged 
Blackbird  nestlings.  Moreover,  the  entire 
marking  process  can  be  completed  in  seconds 
and  the  markings  will  be  visible  for  the  du- 
ration of  nestling  period. 
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ABSTRACT. — We  present  information  on  the  breeding  biology  and  nest-site  characteristics  of  the  western 
subspecies  of  the  Chipping  Sparrow  (Spizella  passerina  arizonae)  in  montane  ponderosa  pine  { Finns ponderosa) 
forests  of  the  Colorado  Front  Range.  \\'e  located  83  nests  during  the  summers  of  1999-2002.  The  earliest  egg 
date  was  23  May  and  young  fledged  as  late  as  1 1 .August.  Nests  were  typically  placed  in  needle  clusters  on 
outer  branches  of  ponderosa  pines.  Mean  canopy  cover  at  nest  sites  was  50^.  We  observed  no  differences  in 
nest  placement  or  nest-site  microhabitat  between  successful  and  unsuccessful  nests.  The  nesting  cycle  lasted 
appro.ximately  30  days,  including  4 nest-building  days.  3 egg-laying  days.  14  incubation  days,  and  9 brooding 
days.  Nests  with  known  outcomes  fledged  a mean  of  1.67  young  from  a mean  clutch  of  3.08  eggs.  .At  least  27 
nests  (32.59c)  were  depredated,  making  predation  the  primary  cause  of  nest  failure.  Of  42  successful  nests.  5 
(ll.99c)  were  parasitized,  although  at  least  two  Chipping  Sparrows  and  one  Brown-headed  Cowbird  (Molothrus 
ater)  fledged  from  each  parasitized  nest.  Both  parasitism  rates  and  nest  success  are  highly  variable  among 
populations  in  this  species.  Received  16  October  2003,  accepted  12  August  2004. 


The  Chipping  Sparrow  {Spizella  passerina) 
is  widespread  throughout  the  United  States  and 
Canada.  In  Colorado,  the  western  subspecies 
(S.  p.  arizonae)  arrives  in  late  .April  to  early 
May  and  leaves  in  mid-  to  late  September.  In 
Colorado,  it  nests  most  commonly  in  ponde- 
rosa pine  (Pinus  ponderosa).  riparian,  piny  on- 
juniper  {Piniis  ediilisUuniperus  monospeiina). 
and  Gambel  oak  (Qiierciis  gambelii)  wood- 
lands. especially  adjacent  to  meadows  and  can- 
opy openings  (Bailey  and  Niedrach  1965. 
Sedgwick  1987.  Versaw  1998.  Ortega  and  Or- 
tega 2(X)1). 

Although  the  Chipping  Sparrow  is  the  most 
abundant  species  breeding  in  ponderosa  pine 
habitats  along  the  Front  Range,  its  breeding 
biology,  nest-site  characteristics,  and  the  ef- 
fects of  predation  and  Brown-headed  Cowbird 
{Molothrus  ater)  parasitism  are  poorly  under- 
stood because  the  nests  are  difficult  to  find 
(Middleton  1998.  Ortega  and  Ortega  2001). 
Previous  studies  of  Chipping  Sparrows  re- 
vealed that  rates  of  nest  loss  due  to  predation 
range  from  19.6  to  859?:  (Middleton  1998.  Or- 
tega and  Ortega  2001). 

Cowbird  parasitism  heavily  impacts  song- 
bird nesting  success  in  ponderosa  pine  forests 
of  Colorado  (Chace  et  al.  2003).  especially 


' Dept,  of  Ecology  and  Evolutionary  Biology.  Univ. 
of  Colorado.  Boulder.  CO  80309-0334.  USaV 

- Boulder  Open  Space  and  Mountain  Parks  Dept.. 
P.O.  Box  791.  Boulder.  CO  80306.  US.A. 

^ Corresponding  author:  e-mail: 
alexander.cruz@colorado.edu 


that  of  the  Plumbeous  Vireo  {Vireo  plwnbeus) 
and  Lesser  Goldfinch  {Carduelis  psaltria) 
(Prather  et  al.  2002.  Chace  et  al.  2003).  Else- 
where. studies  of  Chipping  Sparrow  breeding 
biology  have  shown  a wide  range  of  parasit- 
ism. In  Ontario,  parasitism  was  929c  in  one 
population  but  zero  in  another  (Vemer  and 
Ritter  1983.  Scott  and  Lemon  1996).  and  zero 
in  California  (Reynolds  and  Knapton  1984) 
and  Louisiana  populations  (Goertz  1977). 

During  the  summers  of  1999-2002.  we 
studied  Chipping  Sparrow  breeding  biology  to 
determine  the  importance  of  predation,  para- 
sitism. and  nest-site  selection  to  overall  nest- 
ing success  in  ponderosa  pine  habitats  of 
north-central  Colorado.  Specifically,  we  locat- 
ed and  monitored  Chipping  Sparrow  nests  to 
ascertain  nest  success,  nest-site  characteristics, 
and  extent  of  parasitism  by  Brown-headed 
Cowbirds.  We  also  conducted  bird  surveys  to 
determine  relative  avian  abundance  during  the 
breeding  season. 

METHODS 

Study  areas. — We  located  and  monitored 
nests  in  open  canopy  ponderosa  pine  habitats 
near  Boulder.  Colorado,  at  two  sites:  (1)  the 
City  of  Boulder  Open  Space  and  Mountain 
Parks  and  (2)  Boulder  County  Open  Space 
properties  (40°  0'  N.  105°  16'  W).  The  vege- 
tation is  park-like,  open  canopy  forest  inter- 
spersed with  grassy  areas  and  denser  stands  of 
ponderosa  pine.  The  main  tree  species  is  pon- 
derosa pine  with  scattered  Douglas-fir  {Pseu- 


246 


Swanson  et  al.  • BREEDING  BIOLOGY  OE  CHIPPING  SPARROWS 


247 


dotsuga  menziesii).  The  understory  contains 
various  woody  shrubs  such  as  wax  currant 
{Ribes  cereum)  and  skunkbush  sumac  (Rhus 
trilobata)  as  well  as  various  grasses  (Bromus 
and  Stipa  spp.)  and  forbs  (Achillea  spp.). 

Abundance. — We  established  91,  50-m 
fixed-radius  circular  plots  within  the  2,500-ha 
study  area.  Each  breeding  season  from  1999- 
2001,  we  visited  all  91  points  three  times  be- 
tween 1 June  and  15  July  and  counted  birds 
according  to  methods  detailed  in  Ralph  et  al. 

I (1993).  This  method  involves  counting  all 
birds  seen  or  heard  within  a 50-m-radius  circle 
during  a 10-min  census  period.  We  then  cal- 
culated relative  abundance  as  mean  number  of 
pairs  detected  per  point  count  census  averaged 
across  three  counts  per  year.  Other  than  Chip- 
ping Sparrows,  the  four  most  abundant  species 
were  Western  Wood-Pewee  (Contopus  sordi- 
dulus).  Spotted  Towhee  (Pipilo  maculatus), 

\ American  Robin  (Turdus  migratorius),  and 
Western  Tanager  (Piranga  ludoviciana).  The 
detectability  of  these  species  was  similar  to 
I that  of  Chipping  Sparrows.  In  addition,  in  our 
1 study  area  habitats  were  very  open,  allowing 
I a clear  view  of  birds  within  50  m,  thus  making 
I varied  detectability  less  likely.  As  a result,  de- 
' spite  the  limitations  of  this  method,  fixed-ra- 
dius point  counts  accurately  sampled  the  birds 
I in  the  study  habitat. 

Nesting  biology. — During  the  summers  of 
1999-2002,  we  monitored  nests  in  accordance 
with  protocol  presented  by  Ralph  et  al.  ( 1993). 
We  monitored  nests  every  3 days,  using  either 
a 6-m  telescoping  mirror  pole  or  by  direct  ob- 
servation, until  the  nests  were  no  longer  ac- 
tive. Care  was  taken  not  to  attract  potential 
brood  parasites  or  predators  by  approaching 
nests  from  random  directions  (Picozzi  1975, 

' Major  1989).  Nest  searching  began  in  May 
I and  concluded  in  August,  when  the  last  nests 
! had  fledged  young.  We  recorded  number  of 
I eggs  laid,  number  of  young  hatched,  nest  at- 
I tentiveness  by  parents,  time  of  fledging,  and 
! nest  fate.  A nest  was  considered  successful  if 
' it  fledged  at  least  one  sparrow.  We  defined  the 
I incubation  period  as  the  time  from  the  day  the 
^ last  egg  was  laid  to  the  day  the  first  egg 
hatched,  and  the  nestling  period  as  the  time 
from  the  day  the  first  egg  hatched  to  the  day 
the  first  young  fledged.  Jb  calculate  nesting 
success,  we  followed  the  methods  proposed 
by  Mayfield  (1975),  with  adjustments  sug- 


gested by  Manolis  et  al.  (2000)  for  nests  of 
unknown  fates. 

Microhabitat  characteristics. — After  nests 
were  no  longer  active,  we  measured  habitat 
characteristics  at  each  nest  site  using  stan- 
dardized protocols  (James  and  Shugart  1970, 
Martin  and  Roper  1988).  Nest  tree  measure- 
ments included  diameter  at  breast  height 
(dbh),  height  of  the  nest  and  lowest  living 
branch,  distance  from  nest  to  trunk  and  tip  of 
branch,  canopy  cover  around  the  nest,  nest 
orientation,  and  nest  tree  species.  We  mea- 
sured heights  of  tall  trees  and  higher  nests 
with  a Suunto  PM-5/360  PC  clinometer.  We 
determined  canopy  cover  by  calculating  the 
mean  of  four  measurements  taken  with  a Lem- 
mon model-A  convex  spherical  densiometer  at 
a distance  of  1 m from  the  nest  in  the  four 
cardinal  directions  (Lemmon  1957). 

We  used  r-tests  (StatView,  ver.  5.0.1;  SAS 
Institute,  Inc.  2002)  to  examine  whether  hab- 
itat variables  were  significantly  related  to  nest 
outcome.  Vegetation  analyses  were  conducted 
for  nests  that  had  definitive  outcomes  (n  — 
72).  Statistical  significance  was  set  at  P = 
0.05  and  means  are  presented  ± SD. 

RESULTS 

Abundance. — The  mean  relative  abundance 
of  Chipping  Sparrows  was  1.03  ± 0.78  pairs/ 
count  (n  = 819  point  counts).  Other  common 
species  included  Western  Wood-Pewee  (0.96 
pairs/count).  Spotted  Towhee  (0.66  pairs/ 
count),  American  Robin  (0.49  pairs/count), 
and  Western  Tanager  (0.41  pairs/count). 

Nesting  success. — We  found  a total  of  83 
nests  (Table  1),  with  the  earliest  egg  recorded 
on  23  May  and  the  last  nest  fledging  young 
on  1 1 August.  Successful  nests  (n  = 42)  con- 
tained a mean  of  3.00  ± 0.86  eggs  and  fledged 
2.87  ± 0.96  young.  For  all  nests  across  all  4 
years,  mean  clutch  size  was  3.08  ± 0.86  (//  = 
74)  and  each  nest  fledged  1.67  ± 1.60  young 
(Table  1 ).  In  a nesting  cycle  of  30.3  days, 
mean  nest-building,  egg-laying,  incubation, 
and  nestling  periods  were  4.1.  3.2,  14.3,  and 
8.7  days,  respectively. 

Nine  nests  ( l().89f ) had  unknown  outcomes, 
5 nests  (69f ) were  abandoned,  and  27  nests 
(32.5^/f ) were  dcpredatetl.  Of  the  42  successf  ul 
nests,  5 were  parasiii/etl  but  still  succeeded  in 
fletlging  at  least  two  ('hipping  Sparrows  as 
well  as  one  Brow n-heatled  C'owbird  each  ( fa- 
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TABLE  1.  Nest  outcome,  clutch  size,  and  number  of  birds  fledged  from  83  Chipping  Sparrow  nests  along 
the  Colorado  Front  Range  near  Boulder,  Colorado,  during  the  summers  of  1999-2002. 


1999 

2000 

2001 

2002 

All  years 

Total  nests 

24 

22 

19 

18 

83 

Successful 

7 

14 

12 

9 

42  (50.6%) 

Depredate# 

12 

7 

4 

4 

27  (32.5%) 

Abandoned 

2 

1 

1 

1 

5 (6.0%) 

Unknown 

3 

0 

2 

4 

9 (10.8%) 

Parasitized 

0 

L 

4“ 

U 

6 (7.2%) 

Mean  clutch  size 

3.39  ± 0.72 

2.67  ± 0.91 

3.0  ± 0.77 

3.50  ± 1.05 

3.08  ± 0.86 

Mean  number  fledged 

1.04  ± 1.60 

1.86  ± 1.64 

1.56  ± 1.29 

2.33  ± 1.87 

1.67  ± 1.60 

^ Includes  five  parasitized  nests. 

Includes  one  parasitized  nest. 

Fledged  three  sparrows  and  one  Brown-headed  Cowbird. 

One  parasitized  nest  was  depredated,  and  three  nests  fledged  two  sparrows  and  one  Brown-headed  Cowbird  each. 


ble  1).  All  parasitized  nests  contained  one 
cowbird  egg. 

Nesting  success  was  56.8%  (following 
Mayfield  1975)  and  31.6%  (following  adjust- 
ments suggested  by  Manolis  et  al.  2000).  The 
probability  of  nest  success  was  0.713  in  the 
egg-laying  stage,  0.541  in  the  incubation 
stage,  and  0.818  during  the  nestling  phase. 
Daily  rates  of  nest  failure  were  0.099,  0.043, 
and  0.023  during  the  egg-laying,  incubation, 
and  nestling  phases,  respectively. 

Nest  placement. — The  most  common  nest 
tree  was  ponderosa  pine  (71.1%,  /z  = 59),  fol- 
lowed by  common  juniper  {Juniperiis  com- 
munis', 13.3%,  n = 11),  Douglas-fir  (8.4%,  n 
= 7),  and  blue  spruce  (Picea  pungens',  1.2%, 
n = 1).  Tw'o  (2.4%)  nests  w’ere  in  skunkbush, 
one  (1.2%)  was  in  wax  currant,  and  the  re- 
maining two  (2.4%)  were  in  mountain  mahog- 
any (Cercocarpus  montanus). 

We  collected  detailed  data  on  vegetation 
characteristics  at  72  of  the  83  nests.  Sparrow  s 
tended  to  nest  in  clusters  of  pine  needles  on 


outer  branches  with  a mean  distance  of  1.36 
m ± 1.45  between  the  nest  and  the  trunk  and 
a mean  distance  of  0.58  m ± 0.47  between 
the  nest  and  tip  of  the  branch.  Nests  were  par- 
tially concealed  with  a mean  canopy  cover  of 
48.3%  ± 23.9;  the  trees’  low^est  living  branch- 
es w'ere  1.19  m ± 1.43  above  the  ground. 
Most  nests  were  constructed  approximately 
one-third  of  the  way  up  the  tree;  mean  nest 
height  = 2.55  m ± 2.50,  and  mean  nest-tree 
height  = 6.93  m ± 5.53  (Table  2).  Orientation 
of  the  nest  to  the  tree  trunk  was  155.7°  ± 99.3 
(Fig.  1 ).  Orientation  of  nests  was  significantly 
clumped  around  the  mean  (Rayleigh  test  r = 
0.223,  Z = 3.88,  P = 0.021).  We  found  no 
significant  differences  betw'een  successful  and 
unsuccessful  nests  for  all  measured  microhab- 
itat variables,  including  nest  height  (r  = 0.72, 
P = 0.24),  distance  from  nest  to  trunk  (r  = 
0.93,  P = 0.18),  distance  of  nest  from  tip  of 
branch  (r  = 0.69,  P = 0.25),  nest-tree  height 
(r  = 0.04,  P = 0.48),  lowest  living  branch  of 
nest  tree  (r  = 1.39,  P = 0.089),  dbh  of  nest 


T.ABLE  2.  Microhabitat  characteristics  (mean  ± SD)  of  successful  and  unsuccessful  Chipping  Sparrow  nests 
along  the  Colorado  Front  Range  near  Boulder,  Colorado,  1999-2002.  Microhabitat  characteristics  were  not 
significantly  different  (all  P > 0.05)  between  successful  and  unsuccessful  nest  sites. 

Characteristic 

n 

Successful 

nests 

Unsuccessful 

nests 

Combined 

Nest  tree  height  (m) 

72 

7.22  - 5.81 

6.53  ± 5.20 

6.93  = 5.53 

Nest  height  (m) 

72 

2.97  ± 2.92 

1.96  ± 1.95 

2.55  = 2.50 

Nest  to  trunk  (m) 

72 

1.44  ± 1.50 

1.23  ± 1.38 

1.36  ± 1.45 

Nest  to  tip  (m) 

72 

0.62  ± 0.48 

0.53  ^ 0.45 

0.58  ± 0.47 

Lowest  living  branch  (m) 

70 

1.36  ± 1.61 

0.98  ± 1.13 

1.19  ± 1.43 

Diameter  at  breast  height  (m) 

60 

0.37  ± 0.16 

0.31  ± 0.18 

0.35  ^0.17 

Orientation  (degrees) 

70 

176.23  ± 100.25 

165.20  ± 88.66 

171.50  ± 94.94 

Canopy  cover  (%) 

69 

47.89  ± 24.67 

48.86  ± 23.28 

48.31  ± 23.91 
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FIG.  1.  Orientation  of  Chipping  Sparrow  nests  rel- 
ative to  the  trunks  of  nest  trees  along  the  Colorado 
Front  Range  near  Boulder,  Colorado,  during  the  sum- 
mers of  1999-2002.  Mean  orientation  is  represented 
by  vector  showing  significant  clumping  of  data  (Ray- 
leigh test  r = 0.223,  Z = 3.88,  P = 0.021). 


tree  {t  = 0.89,  P = 0.19),  canopy  cover  {t  = 
0.07,  P = 0.47),  or  mean  canopy  height  at  nest 
site  {t  = 0.83,  P = 0.20;  Table  2). 

DISCUSSION 

On  the  Front  Range,  we  found  Chipping 
Sparrow  nests  with  eggs  as  early  as  23  May. 
Active  nests  were  present  through  at  least  1 1 
August.  Records  of  active  nests  from  the  Col- 
orado Breeding  Bird  Atlas  range  from  17  May 
to  27  July  (Versaw  1998).  Ortega  and  Ortega 
(2001)  reported  that  in  southwestern  Colorado 
clutches  start  as  early  as  14  May  and  nests  are 
active  as  late  as  19  July. 

Chipping  Sparrows  mainly  chose  medium 
to  large  ponderosa  pines  and  nested  approxi- 
mately one-third  of  the  way  up  the  tree  and 
two-thirds  of  the  way  out  on  the  branch.  This 
finding  is  similar  to  that  reported  by  Stull 
(1968),  Andrews  and  Righter  (1992),  and  Ver- 
saw (1998),  but  it  contrasts  to  what  was  re- 
ported by  Bailey  and  Niedrach  (1965),  who 
list  shrubs  as  the  most  common  nest  substrate. 
Ortega  and  Ortega  (2001 ) found  that  Chipping 
Sparrows  in  southwestern  Colorado  choose 
Ganibcl  oaks,  the  most  abundant  shrub  in  that 
region.  The  preference  shown  for  ponderosa 
pine  in  our  study  may  reflect  the  tendency  of 


Chipping  Sparrows  to  nest  in  the  most  com- 
monly available  substrate. 

Nests  were  concealed  in  needle  clusters  and 
canopy  cover  was  nearly  50%,  typical  of 
Chipping  Sparrow  nests  (Middleton  1998). 
Stull  (1968)  and  Reynolds  and  Knapton 
(1984)  report  that  female  Chipping  Sparrows 
may  use  sunlight  as  a heat  source  while 
brooding,  which  may  account  for  the  signifi- 
cant south-southeast  orientation  of  nests  we 
found  along  the  Front  Range  (Fig.  1). 

Nest  location  and  measured  habitat  vari- 
ables were  not  significantly  related  to  nest 
success,  suggesting  that  predation  pressure 
(the  major  cause  of  nest  failure)  may  be  sim- 
ilar across  this  forest  type,  regardless  of  mi- 
crohabitat characteristics.  Landscape  context, 
as  well  as  microhabitat  features  not  measured 
in  this  study,  such  as  tree  density  and  nest 
concealment,  may  be  important  in  determin- 
ing success  of  nesting  Chipping  Sparrows. 

We  recorded  a mean  incubation  period  of 
14.3  days,  slightly  longer  than  that  reported 
by  others  (10.4  days,  Ortega  and  Ortega  2001 ; 
11-12  days,  Reynolds  and  Knapton  1984). 
Middleton  (1998)  reports  a range  from  other 
studies  of  10-15  days.  We  found  that  the  av- 
erage duration  from  hatching  until  fledging 
was  8.7  days,  similar  to  that  found  in  previous 
studies  (Reynolds  and  Knapton  1984,  Middle- 
ton  1998,  Ortega  and  Ortega  2001). 

In  southwestern  Colorado,  predation  was 
the  major  cause  of  nest  failure  (85%;  Ortega 
and  Ortega  2001 ).  In  our  study,  predation  also 
was  the  major  cause  of  nest  failure  (84.8%). 
In  Ontario  and  Minnesota,  however,  predation 
accounted  for  only  19.6%  (Middleton  1998) 
and  55%  (Keller  1979)  of  nest  failures,  sug- 
gesting that  in  Colorado  predation  may  play  a 
more  prominent  role  in  nest  failure. 

In  southern  Ontario,  Graham  (1988)  found 
that  52%  of  Chipping  Sparrow  nests  were  par- 
asitized, and  Scott  and  Lemon  ( 1996)  reported 
a parasitism  rate  of  92%.  However,  no  in- 
stances of  parasitism  were  found  in  northern 
Ontario  (Reynolds  and  Knapton  1984),  nor 
were  any  found  in  Louisiana  (Goertz  1977)  m- 
California  (Verner  and  Ritter  1983).  In  south- 
western C7)lorado,  Ortega  and  Ortega  (2001) 
suggest  that  C’hipping  Sparrow  s tlo  not  appear 
to  be  high-quality  hosts  cofiipared  with  other 
hosts.  J'hey  found  that  17  of  77  nests  (22%) 
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were  parasitized  and  only  6%  of  all  nests 
failed  due  to  parasitism. 

Despite  being  the  most  common  species  on 
our  sites,  from  1999-2002,  Chipping  Sparrow 
nests  accounted  for  only  8.4%  of  the  total  71 
parasitized  nests  found  (total  nests  with 
known  outcomes  = 450  for  10  species).  In 
contrast,  50.7%  of  parasitized  nests  were 
those  of  Plumbeous  Vireos,  even  though  rel- 
ative abundance  of  vireos  was  only  0.29  ± 
0.42  pairs/ha.  From  1984  to  2002,  146 
(49.6%)  vireo  nests  of  known  outcome  were 
parasitized  along  the  Front  Range  (Chace  and 
Cruz  1996,  1999;  Chace  et  al.  2000,  2003;  J. 
F.  Chace  and  A.  Cruz  unpubl.  data),  suggest- 
ing that  the  species  is  a preferred  host  in  Col- 
orado. Plumbeous  Vireos  may  be  more  at  risk 
from  cowbird  parasitism  because  they  adver- 
tise the  nest  site  by  singing  from  the  nest 
(Flahn  et  al.  1999).  Additionally,  although 
cowbirds  have  been  characterized  as  host  gen- 
eralists, individual  females  may  be  host  spe- 
cialists. Alderson  et  al.  (1999)  found  that  half 
of  the  cowbird  females  at  Delta  Marsh,  Man- 
itoba, laid  their  eggs  in  the  nests  of  a single 
host  species,  the  Red-winged  Blackbird  {Age- 
laius  phoeniceus).  A potential  preference  for 
vireos  and  their  unique  susceptibility  to  par- 
asitism— coupled  with  the  fact  that  Chipping 
Sparrows  elsewhere  also  often  abandon  para- 
sitized nests — could  account  for  lower  para- 
sitism of  Chipping  Sparrows  along  the  Colo- 
rado Front  Range. 

The  nesting  biology  of  Chipping  Sparrows 
in  Colorado  is  similar  to  that  reported  in  pre- 
vious studies.  Success  and  parasitism  rates 
vary  widely  between  study  locations  however. 
The  broad  range  of  habitats  occupied  by  this 
species  across  North  America  may  account  for 
its  plasticity  in  nesting  biology. 
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BLACK-CAPPED  CHICKADEE  DAWN  CHORUS  AND 
SUBSEQUENT  SEXUAL  ACTIVITY 

DAVID  E.  GAMMON*  2 


ABSTRACT. — Male  Black-capped  Chickadees  (Poecile  atricapilliis)  sing  for  several  minutes  prior  to  dawn 
during  the  breeding  season.  In  northeastern  Colorado,  dawn  singing  was  associated  with  male-female  interactions 
rather  than  male-male  interactions;  males  did  not  approach  one  another  during  the  chorus.  Males  sang  until 
female  arrival,  at  which  point  they  attempted  copulation.  During  copulation  attempts,  males  always  uttered  strings 
of  variable  sees  and  nearly  always  attached  gargles  to  these  strings.  All  gargles  terminated  in  an  acoustically 
similar,  low-pitched,  buzzy  syllable.  Received  30  January  2004,  accepted  3 August  2004. 


Several  investigators  have  described  behav- 
ior associated  with  copulation  in  Black- 
capped  Chickadees  {Poecile  atricapillus;  Dix- 
on et  al.  1970,  Ficken  et  al.  1985,  Smith 
1991),  but  none  mention  preceding  fee-bee 
singing  behavior  or  the  time-of-day  during 
which  copulation  occurred.  Other  investiga- 
tors have  shown  that  attributes  of  the  dawn 
chorus  reliably  reflect  the  social  rank  of  males 
(Otter  et  al.  1997,  Christie  et  al.  2004),  and 
thus  might  be  used  by  females  to  assess  male 
quality.  Otter  and  Ratcliffe  (1993)  found  that 
the  dawn  singing  bouts  of  male  chickadees 
nearly  always  end  with  the  arrival  of  a female 
and  that  copulation  usually  follows.  They  also 
found  that  experimental  mate  removal  results 
in  longer  dawn  bouts  that  continue  until  mates 
are  returned.  This  paper  confirms  and  expands 
on  the  studies  mentioned  above  by  reporting 
the  behavior  of  several  chickadee  pairs  fol- 
lowing the  dawn  chorus  and  describing  sub- 
sequent sexual  interactions. 

METHODS 

I observed  the  dawn  chorus  of  17  mated, 
male  Black-capped  Chickadees  between  04:00 
and  05:30  MST  at  14  study  sites  in  north- 
eastern Colorado  in  2002  and  2003  (Table  1). 
Six  study  sites  were  in  Fort  Collins  {n  = 9 
males),  five  sites  were  14  to  28  km  north  of 
Fort  Collins  in  isolated  habitat  patches  con- 
taining <4  chickadee  pairs  per  patch  {n  = 1 
male/site),  and  the  other  three  sites  were  in 
Loveland  {n  = 1 male).  Fort  Lupton  {n  = 1 
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male),  and  Sterling  {n  = 1 male).  In  each  case, 
I observed  one,  unbanded  male  throughout  his 
dawn  singing  bout  and  recorded  his  subse- 
quent behavior.  All  males  except  one  were  ob- 
served during  the  typical  breeding  season 
(early  April  to  mid-May);  the  remaining  male 
was  observed  in  mid-June  (probably  a second 
breeding  effort).  Two  field  assistants  and  I 
made  field  recordings  of  songs  using  a Sony 
minidisc  recorder  (either  model  MZ-R700  or 
model  MZ-Nl)  connected  to  a Sennheiser  mi- 
crophone (ME62)  mounted  in  a 60-cm  Telinga 
Pro-universal  parabola;  we  also  narrated  be- 
havioral observations  onto  these  recordings. 
When  the  focal  male  had  stopped  singing  for 
at  least  3 min,  we  assumed  that  his  dawn  sing- 
ing bout  had  finished. 

For  each  dawn  singing  bout,  I recorded  the 
following  variables:  whether  a female  arrived, 
the  distance  between  where  she  was  first  de- 
tected and  the  location  where  the  male  began 
his  singing  bout,  how  many  songs  the  focal 
male  sang  after  her  arrival,  whether  the  male 
attempted  copulation,  and  any  male-male  ag- 
onistic interactions  during  the  bout.  In  all  cas- 
es except  one,  the  location  of  the  female  roost- 
ing cavity  was  unknown.  A male-male  ago- 
nistic interaction  was  defined  as  an  approach 
by  the  focal  male  and  a neighboring  male  to 
within  10  m of  one  another  that  led  to  dis- 
placement and/or  gargle  calls  (Ficken  et  al. 
1987)  from  either  male.  Males  were  within 
hearing  distance  of  several  other  singing 
males  during  the  dawn  chorus,  but  I did  not 
record  whether  males  matched  the  songs  of 
their  neighbors.  For  all  copulation  attempts 
that  immediately  followed  a dawn  singing 
bout,  I noted  whether  males  used  variable  see 
and  gargle  calls  (Ficken  et  al.  1985).  It  was 
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TABLE  1.  Summary  of  the  behavior  of  17  Black-capped  Chickadee  pairs  during  and  after  the  dawn  chorus, 
2002-2003.  Chickadees  were  observed  in  Eort  Collins,  Colorado  (“EC,”  n = 9 pairs),  at  five  isolated  study 
sites  north  of  Eort  Collins  (“ECN,”  n = I pair/site),  and  at  three  other  study  sites  outside  of  Eort  Collins  (n  = 
1 pair/site).  Asterisks  indicate  missing  data.  Eemales  usually  were  first  observed  near  where  males  began  their 
dawn  singing  bouts.  The  exact  female  roost  site  was  known  only  for  the  mate  of  “Ziggy.”  Eollowing  the  arrival 
of  a female,  a singing  male  usually  ended  his  dawn  bout  and  attempted  to  copulate  with  the  female.  Although 
female  presence  affected  male  behavior  during  the  dawn  chorus,  singing  males  rarely  approached  other  males. 


Study  site 

Date 

Breeding  stage 

Distance 

(m)^ 

Songs 
following 
female  arrival 

Copulation 
attempt  following 
female  arrival? 

Male-male 
approaches 
during  dawn  bout 

Loveland 

7 Apr  2003 

Pre-nest 

10 

0 

Yes 

0 

FCN-StMa 

10  Apr  2003 

Pre-nest 

50 

0 

Yes 

0 

FC-Dixon 

15  Apr  2003 

Nest-building 

8 

0 

Yes 

0 

FC-ELC 

16  Apr  2003 

Pre-nest 

20 

0 

Yes 

0 

FC-CSU 

23  Apr  2002 

* 

15 

0 

Yes 

0 

FCN-Waver 

25  Apr  2003 

Egg-laying 

10 

0 

Yes 

0 

FC-LMP 

26  Apr  2002 

* 

* 

0 

Yes 

1 

FC-LMP 

28  Apr  2003 

Egg-laying 

11 

52 

Yes 

0 

FC-LMP 

28  Apr  2003 

* 

* 

2 

Yes 

0 

FCN-Ziggy 

30  Apr  2003 

Egg-laying 

2 

0 

Yes 

0 

FCN-Ivan 

3 May  2003 

Nest-building 

4 

0 

No 

0 

FCN-Zimd 

5 May  2003 

Nest-building 

25 

6 

No 

0 

FC-ELC 

6 May  2003 

Incubation 

18 

9 

No 

0 

FC-Cem 

7 May  2003 

* 

* 

3 

Yes 

0 

Fort  Lupton 

15  May  2003 

* 

10 

7 

Yes 

0 

Sterling 

16  May  2003 

* 

0 

Yes 

0 

FC-Bed 

18  Jun  2003 

* 

5 

0 

Yes 

0 

Distance  between  the  observed  location  of  the  arriving  female  and  the  location  where  the  male  began  his  singing  bout. 


not  always  possible  to  monitor  the  vocal  be- 
havior of  both  the  male  and  the  female  during 
copulation  attempts,  but  when  possible,  I at- 
tempted to  note  whether  the  female  used  these 
calls  as  well.  Because  all  birds  were  unband- 
ed, I kept  track  of  the  observed  male  through 
constant  visual  monitoring  during  and  after  its 
dawn  singing  bout,  and  by  observing  any 
chases  performed  in  a sexual  context.  (I  never 
observed  females  chasing  males  in  a sexual 
context.)  I often  observed  wing-quivering  in 
either  or  both  males  and  females,  but  I did  not 
consistently  take  data  on  this  behavior  so  1 do 
not  report  it.  For  10  of  the  17  pairs,  1 deter- 
mined breeding  stage  by  making  additional 
observations  for  up  to  2 hr  after  the  end  of 
the  dawn  singing  bout.  Breeding  stage  is  im- 
portant because  pairs  tend  to  cease  sexual  ac- 
tivity soon  after  beginning  the  incubation 
phase  (Fickcn  et  al.  1985). 

RESULTS 

Males  always  began  singing  prior  to  dawn 
and  before  any  female  activity;  bouts  never 
ended  until  female  arrival.  Eleven  of  17  focal 
males  stopped  singing  immctliately  after  fe- 


male arrival,  and  5 sang  fewer  than  10  addi- 
tional songs  after  female  arrival  (Table  1 ).  The 
remaining  male  stopped  singing  temporarily 
after  female  arrival  to  copulate  with  her;  he 
then  continued  singing  in  her  presence  for  a 
few  minutes  before  ending  his  overall  dawn 
bout  with  another  copulation  attempt.  In  con- 
trast to  male-female  interactions  related  to  the 
dawn  chorus,  male-male  interactions  were 
rare.  Only  1 of  the  17  focal  males  was  in- 
volved in  a male-male  agonistic  interaction 
during  his  dawn  singing  bout  (Table  1 ).  This 
male  displaced  and  chased  a male  unfamiliar 
to  me  that  appeared  on  the  focal  male's  ter- 
ritory 1 min  prior  to  female  arrival. 

Females  usually  arrived  near  the  location 
where  the  male  chickadee  began  his  dawn 
singing  bout.  For  four  of  the  males.  I did  not 
know  exactly  where  the  male  chickadee  began 
its  dawn  bout;  for  12  of  the  remaining  13.  the 
distance  between  the  location  where  the  male 
began  singing  and  where  the  female  was  lirst 
detected  was  always  :^25  m (mean  = 1 1 .5  m 
± 6.9  .SI);  fable  1 ).  One  male,  whose  mate's 
recosting  location  was  known  prior  to  c^bser- 
vation.  was  particularly  instructive.  Although 
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he  took  several  flights  during  his  dawn  bout, 
he  spent  approximately  75%  of  his  time  with- 
in 8 m of  her  roosting  location  and  approxi- 
mately 40%  of  his  time  within  2 m.  While 
singing,  he  often  approached  and/or  looked 
into  the  nest  cavity. 

For  14  of  the  17  males,  termination  of  the 
male’s  dawn  singing  bout  was  accompanied 
by  a copulation  attempt  (Table  1).  Only  three 
males  did  not  attempt  copulation  immediately 
after  female  arrival.  Females  of  two  of  these 
males  were  in  the  nest-building  phase,  and 
copulation  occurred  >30  min  after  the  dawn 
singing  bout;  interestingly,  after  both  copula- 
tions, the  females  began  gathering  nesting  ma- 
terial. The  other  female  that  did  not  copulate 
with  her  mate  after  her  arrival  was  later  con- 
firmed to  be  in  the  incubation  phase. 

All  14  males  that  attempted  copulation  fol- 
lowing their  dawn  bouts  uttered  strings  of  var- 
iable see  calls  during  their  copulation  at- 
tempts, and  13  used  combinations  of  variable 
see/gargle  calls  (Fig.  lA-D).  During  9 of  the 
14  copulation  attempts,  females  also  vocal- 
ized, but  none  of  these  9 females  gave  vari- 
able sees  or  gargle  calls.  The  13  males  that 
gave  gargles  terminated  their  gargles  with  the 
same,  low-pitched,  buzzy  syllable  (Fig.  lA- 
D),  although  one  male  used  an  alternative  syl- 
lable once  before  switching  to  several  gargles 
containing  the  typical  terminal  syllable. 

The  terminal  buzzy  syllable  of  the  gargle 
is  apparently  given  in  an  agonistic  context  as 
well  (see  syllable  16  in  Fig.  2 of  Baker  et  al. 
2000).  In  a laboratory  setting,  M.  C.  Baker 
recorded  five  males  that  he  captured  in  Fort 
Collins  in  fall  2002  (males  different  from  the 
17  males  discussed  above).  These  five  birds 
directed  threat  displays  at  their  mirror-image 
reflections  and  gave  variable  see/gargle  com- 
binations that  also  contained  the  terminal  buz- 
zy syllable  of  the  gargle  (Fig.  lE-F;  see  Bak- 
er et  al.  2000  for  methods).  Thus,  it  appears 
that  regardless  of  context — whether  agonistic 
or  during  copulation — combinations  of  Black- 
capped  Chickadee  variable  sees/gargles  may 
terminate  with  acoustically  similar  syllables. 

DISCUSSION 

From  these  data,  several  clear  patterns 
emerged.  Dawn  singing  by  male  Black- 
capped  Chickadees  during  the  breeding  season 
was  directed  primarily  at  females  rather  than 


at  rival  males,  and  females  tended  to  arrive 
near  the  location  where  the  male  chickadee 
had  begun  singing  his  dawn  bout.  Males  con- 
tinued to  sing  until  females  arrived,  at  which 
time  males  attempted  copulation.  These  pat- 
terns confirm  earlier  findings  in  Ontario  (Otter 
and  Ratcliffe  1993)  and  British  Columbia  (K. 
Otter  pers.  comm.);  similar  patterns  have  been 
found  in  Great  Tits  {Parus  major,  Mace 
1986),  Siberian  Tits  {Parus  cinctus;  Mailman 
et  al.  1994)  and  Collared  Flycatchers  (Fice- 
dula  albicollis'.  Part  1991).  Extra-pair  copu- 
lations are  common  during  the  Black-capped 
Chickadee  breeding  season  (Otter  et  al.  1998, 
Mennill  et  al.  2004).  A comparison  of  the  rel- 
ative singing  performances  at  dawn  may  pro- 
vide females  with  a reliable  indication  of  male 
quality  (Otter  et  al.  1997,  Christie  et  al.  2004), 
possibly  explaining  why  Smith  (1988)  found 
that  extra-pair  copulations  in  chickadees  near- 
ly always  occur  within  1 hr  of  dawn. 

Although  males  did  not  approach  each  oth- 
er closer  than  10  m,  I cannot  rule  out  the  pos- 
sibility that  males  used  song  during  the  dawn 
chorus  to  communicate  with  males  as  well  as 
females.  Male  song  might  function  simulta- 
neously in  both  mate  attraction  and  territorial 
defense  (Mennill  et  al.  2002);  however,  the 
fact  that  males  rarely  approached  each  other 
during  the  dawn  chorus,  combined  with  the 
fact  that  males  often  approached  each  other 
later  in  the  day  in  response  to  simultaneous 
male  song  (Shackleton  and  Ratcliffe  1994), 
suggests  that  song  during  the  dawn  chorus 
plays  only  a minimal  role  in  male-male  com- 
munication. Furthermore,  Black-capped 
Chickadees  in  an  Ontario  population  avoid 
matching  the  songs  of  neighboring  males  dur- 
ing the  dawn  chorus  (Shackleton  and  Ratcliffe 
1994),  possibly  because  matching  song  in  this 
population  provokes  a close  approach  by  other 
males  (Mennill  and  Ratcliffe  2004). 

When  attempting  copulation,  male  chicka- 
dees always  uttered  strings  of  variable  sees 
and  nearly  always  followed  these  sees  with 
gargles,  similar  to  what  was  observed  in  pre- 
vious studies  of  chickadee  mating  behavior 
(Dixon  et  al.  1970,  Ficken  et  al.  1985).  How- 
ever, in  contrast  to  previous  studies  (Dixon  et 
al.  1970,  Smith  1991),  I observed  no  females 
giving  variable  sees  or  gargles  during  a cop- 
ulation attempt.  Smith  (1991)  mentioned  that 
males  might  use  a “special  gargle  call”  as- 
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FIG.  1.  Spectrograms  showing  Black-capped  Chickadee  variable  see  strings  ending  in  gargles  characterized 
1 by  a special  terminal  syllable.  All  variable  see/gargle  combinations  (components  labeled  in  A and  C)  contained 
j the  same  terminal  syllable  (arrow  in  A and  C),  regardless  of  whether  they  were  used  in  male-female  commu- 
nication prior  to  a copulation  attempt  (calls  A-D)  or  in  male-male  communication  as  part  of  an  agonistic 
encounter  (calls  E-F).  1 made  spectrograms  using  Syrinx  software  (http://www.syrinxpc.com/index.html)  sam- 
' pling  at  22.05  kHz  with  16-bit  accuracy  and  256-point  FFT  size  (bandwidth  = 43  Hz),  and  then  transferring 
images  to  Adobe  Photoshop  4.0  LE.  Calls  A,  B,  and  C were  obtained  from  males  at  three  Fort  Collins,  Colorado, 
I study  sites  in  2()()2-2()03;  call  D was  obtained  from  a bird  at  Fort  Lupton,  Colorado,  60  km  from  the  Fort 
Collins  study  sites  in  2003;  calls  E and  F were  also  obtained  from  Fort  Collins  males,  but  these  birds  were 
j captured  in  the  field  in  fall  2002,  and  then  their  vocalizations  were  recorded  in  a laboratory  setting  by  M.  C. 
j Baker  using  the  methods  described  in  Baker  et  al.  (2()()0)  (see  text). 


I sociated  with  copulation,  although  she  did  not 
provide  details  on  its  acoustic  structure.  1 
; found  that  gargles  associated  with  copulation 
I nearly  always  had  a low-pitched,  bu/./y  ter- 
minal syllable  (Fig.  lA-D).  This  syllable  ap- 
peared acoustically  similar  to  the  terminal  syl- 
lables of  copulatory  gargles  u.sed  by  chicka- 
dees in  Wisconsin  (Fucken  et  al.  1085:fig.  113), 
but  not  Tacoma,  Washington  (I)FXi  pers. 


obs.).  Gargles  used  by  Colorado  chickadees 
in  agonistic  contexts  possess  a variety  of  ter- 
minal syllables,  but  variable  see/gargle  com- 
binations used  in  agonistic  contexts  always 
terminated  with  the  bu/./y  syllable,  and  the 
bu//y  syllable  is  found  in  many  gargle  types 
not  preceded  by  variable  sees  (Baker  et  al. 
2()()0). 

1 speculate  that  the  acoustic  features  of  vcv 
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calizations  associated  with  copulation  (e.g., 
variable  sees  and  the  terminal  huzzy  gargle 
syllable)  may  affect  female  reproductive  phys- 
iology, similar  to  the  way  in  which  a partic- 
ular trilled  syllable  of  a male  Canary  {Serinus 
Canaria)  affects  female  physiology  (Vallet  and 
Kreutzer  1995).  This  could  be  tested  by  play- 
ing male  vocalizations  to  female  chickadees 
and  then  monitoring  their  physiological  and/ 
or  behavioral  responses. 
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AGGRESSIVE  RESPONSES  OF  NESTING  PRAIRIE  FALCONS  TO 

TERRITORIAL  INTRUDERS 

ANTHONIE  M.  A.  HOLTHUIJZEN'-^  AND  LENORA  OOSTERHUIS^ 

ABSTRACT. — From  1984  through  1987,  we  studied  aggressive  responses  of  Prairie  Falcons  (Falco  mexican- 
us)  to  species  intruding  into  their  nesting  territories  in  southwestern  Idaho  (52  nesting  attempts,  613  days,  9,085 
I'  hr).  Prairie  Falcons  responded  aggressively  most  frequently  to  Common  Ravens  {Corvus  corax\  49%  of  en- 
counters), followed  by  Red-tailed  Hawks  (Buteo  jamaicensis\  24%),  Golden  Eagles  (Aquila  chrysaetos\  7%), 

! Turkey  Vultures  {Cathartes  aura\  4%),  Northern  Harriers  {Circus  cyaneus\  2%),  American  Kestrels  {Falco 
I sparverius',  1%),  and  bobcats  {Lynx  rufus\  1%).  The  frequency  of  aggressive  responses  toward  intruders  was 
I similar  for  males  and  females,  except  in  the  case  of  American  Kestrels  and  bobcats.  Aggressive  responses  of 
I nesting  Prairie  Falcons  to  intruders  may  be  related  to  predator  deterrence,  competition  for  nest  sites,  stage  of 
I the  nesting  cycle,  food  availability,  and  sexual  size  dimorphism  of  falcons.  Received  22  August  2003,  accepted 
16  August  2004. 


Descriptions  of  aggressive  responses  of 
nesting  Prairie  Falcons  {Falco  mexicanus)  are 
, largely  based  on  anecdotal  information  (e.g., 
i Bent  1937,  Enderson  1964,  Ogden  and  Hor- 
nocker  1977,  Anderson  and  Squires  1997) 

I rather  than  systematic  study.  Nesting  Prairie 
i Falcons  respond  aggressively  to  a wide  vari- 
I ety  of  avian  and  mammalian  species  that  en- 
I croach  into  their  territories,  and  they  display 
varying  levels  of  tolerance  to  intruding  spe- 
cies (Steenhof  1998).  The  lack  of  systemati- 
cally collected  data  has  led  to  speculation 
about  both  the  aggressiveness  and  tolerance  of 
Prairie  Falcons  (e.g..  Decker  and  Bowles 
1930,  Kaiser  1986).  Here,  we  describe  inter- 
specific aggressive  responses  of  Prairie  Fal- 
cons to  intruders  in  their  nesting  territories 
during  the  breeding  season.  We  report  on  ( 1 ) 
species  with  which  Prairie  Falcons  interacted, 
(2)  the  frequency  of  aggressive  responses,  (3) 
the  level  of  aggression  exhibited  by  Prairie 
Falcons,  and  (4)  differences  in  aggressive  re- 
sponses between  males  and  females. 

METHODS 

From  1984  through  1987,  we  observed 
Prairie  Falcon  pairs  in  52  nesting  attempts 
; over  613  days  (9,085  hr)  in  the  Snake  River 
Birds  of  Prey  National  Conservation  Area 
(NCA;  /;  = 48)  and  the  Reynolds  Creek  Area 
(/;  = 4)  in  southwestern  Idaho,  fhc  study  ar- 


' Idaho  Power  (’ompaiiy.  Fin  ironmeiilal  Atfairs 
Dept.,  P.O.  Box  70,  Boise,  ID  83707,  U.SA. 

■ 71  10  Glenridge  View,  Boise,  ID  83709,  IfSA. 

^ Correspontling  author;  e-mail; 
tholthuijzenCf»hdahopo  wer.com 


eas  are  part  of  the  western  intermountain  sage- 
brush steppe  and  are  characterized  by  cold 
winters  and  hot,  dry  summers  (West  1983). 
Climate,  vegetation,  and  natural  environment 
are  described  in  U.S.  Department  of  the  In- 
terior (1996).  The  data  presented  herein  were 
collected  as  part  of  a larger  behavioral  study 
on  Prairie  Falcons  (Holthuijzen  1989).  Gen- 
eral methodology,  observation  techniques,  and 
protocol  are  described  in  Holthuijzen  (1989, 
1990).  We  defined  nesting  territory  as  a lo- 
cality where  nests  were  found,  usually  in  suc- 
cessive years,  and  where  no  more  than  one 
pair  ever  nested  at  one  time  (Newton  and 
Marquiss  1982).  Between  territory  establish- 
ment and  fledging  of  young,  we  observed 
each  pair,  on  average,  every  6 days.  Observers 
were  situated  within  250  m of  aeries  (mean  = 
147  m ± 43  SD,  n = 52).  An  observation  day 
started  Vi  hr  before  sunrise  and  terminated  Vi 
hr  after  sunset.  Field  observations  were  made 
by  two  observers,  each  on  a half-day  shift. 
Observers  were  systematically  rotated  through 
all  selected  falcon  pairs,  alternating  observa- 
tions between  mornings  and  afternoons.  We 
began  observations  1-7  weeks  prior  to  incu- 
bation; observations  continued  until  young 
were  30—35  days  of  age,  or  the  nesting  at- 
tempt failed.  We  used  a photographic  aging 
key  (Moritsch  1983)  to  tlctermine  the  age  of 
young  (when  banded,  visible  at  the  aeries,  or 
both),  fhc  beginning  of  incubation  was  cal- 
culated by  back-dating  from  cstimatetl  age  of 
young;  we  assumed  that  the  incubation  period 
was  34  days  long  (Burnham  1983).  We  pooled 
observation  tlays  into  6-day  intervals. 
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TABLE  1.  Number  of  aggressive  responses  of  male  and  female  Prairie  Falcons  (52  nesting  attempts,  613 
observation  days,  9,085  hr)  directed  toward  territorial  intruders  in  southwestern  Idaho,  1984-1987. 


Intruding  species 

Female 

Male 

Pooled  observations 

Chase 

Vocal 

n 

Chase 

Vocal 

n 

Chase 

Vocal 

n 

% 

Common  Raven 

328 

224 

552 

364 

160 

524 

692 

384 

1,076 

49.5 

Red-tailed  Hawk 

99 

144 

243 

138 

149 

297 

237 

293 

530 

24.4 

Golden  Eagle 

50 

30 

80 

59 

24 

83 

109 

54 

163 

7.5 

Turkey  Vulture 

16 

32 

48 

23 

15 

38 

39 

47 

86 

4.0 

Northern  Harrier 

21 

7 

28 

19 

3 

22 

40 

10 

50 

2.3 

American  Kestrel 

3 

2 

5 

21 

0 

21 

24 

2 

26 

1.2 

Bobcat 

24 

4 

28 

5 

0 

5 

29 

4 

33 

1.5 

Other  species^* 

13 

12 

25 

9 

5 

14 

22 

17 

39 

1.8 

Unidentified  species 

19 

76 

95 

25 

50 

75 

44 

126 

170 

7.8 

All  species 

573 

531 

1,104 

663 

406 

1,069 

1,236 

937 

2,173 

^ Osprey,  Bald  Eagle,  Sharp-shinned  Hawk,  Northern  Goshawk,  Swainson’s  Hawk,  Ferruginous  Hawk,  Rough-legged  Hawk,  gulls  (Lams  spp.).  Barn 
Owl,  Great  Horned  Owl,  Black-billed  Magpie,  coyote,  domestic  dog,  and  porcupine. 


The  establishment  of  territorial  boundaries 
early  in  the  nesting  season  (Ogden  and  Hor- 
nocker  1977,  Haak  1982,  Sitter  1983,  Holthu- 
ijzen  1989)  and  the  general  openness  of  the 
terrain  enabled  us  to  record  aggressive  re- 
sponses between  territorial  falcon  pairs  and 
intruders  in  the  nesting  territories.  We  record- 
ed time  and  duration  of  Prairie  Falcon  behav- 
iors continuously,  including  aggressive  re- 
sponses to  intruders  that  passed  through  nest- 
ing territories  (Holthuijzen  1989).  We  defined 
an  aggressive  response  as  one  during  which 
the  focal  falcon  engaged  in  aggressive  behav- 
ior (multiple  chases,  vocalizations,  or  both) 
toward  an  intruder.  We  distinguished  between 
two  categories  of  aggressive  responses:  vocal 
(alarm  call)  and  chase.  We  considered  a chase, 
which  often  included  vocalizing,  a higher-in- 
tensity  response  than  a vocal  response  alone. 
We  defined  a combined  response  as  one  in 
which  both  sexes  of  a nesting  pair  participat- 
ed; falcon  genders  were  determined  by  the 
larger  size  of  females  (Steenhof  1998),  posi- 
tion during  copulation,  food  solicitation  by  fe- 
males, and  stylized  drawings  of  the  facial  pat- 
terns for  each  nesting  pair.  When  an  interac- 
tion took  place,  gender  was  either  known  at 
that  time  or  was  determined  afterwards.  Be- 
havior of  falcons  was  reported  continuously 
during  an  observation  day,  minimizing  gender 
misidentification. 

We  analyzed  the  number  of  aggressive  in- 
teractions for  male  and  female  falcons  sepa- 
rately, for  each  pair  each  day.  We  noted  spe- 
cies of  intruder  and  length  of  aggressive  en- 
counters. Statistical  analyses  were  conducted 


with  Statistical  Analysis  System  software 
(SAS  Institute,  Inc.  1990).  Statistical  tests 
were  considered  significant  at  P < 0.05.  Dif- 
ferences in  level  of  aggression  between  male 
and  female  Prairie  Falcons  were  tested  with 
Fisher’s  Exact  Test.  We  calculated  the  number 
of  interactions  per  hr  during  which  paired 
birds  were  present  on  nesting  territories  and 
used  one-way  analysis  of  variance  (ANOVA) 
to  determine  whether  aggressive  responses/ 
pair/hr  differed  among  nesting  stages. 

We  did  not  collect  information  on  relative 
abundance  of  intruders  during  the  different 
phases  of  the  Prairie  Falcon  nesting  season. 
Therefore,  our  interpretations  regarding  tem- 
poral trends  in  aggressive  responses  to  intrud- 
ers by  Prairie  Falcons  should  be  interpreted 
with  caution. 

RESULTS 

Aggressive  behavior  of  Prairie  Falcons 
(both  vocal  and  chase)  was  observed  most  of- 
ten with  Common  Ravens  (Corvus  corax; 
49%  of  encounters),  followed  by  Red-tailed 
Hawks  {Buteo  jamaicensis;  24%),  Golden  Ea- 
gles {Aquila  chrysaetos;  7%),  Turkey  Vultures 
{Cathartes  aura;  4%),  Northern  Harriers  {Cir- 
cus cyaneus;  2%),  American  Kestrels  {Falco 
sparverius;  1%),  and  bobcats  {Lynx  rufus;  1%) 
{n  = 2,173  responses;  Table  1).  In  8%  of  all 
instances  {n  ==  170),  the  intruder  could  not  be 
identified.  Fourteen  additional  avian  and 
mammalian  species  intruded  into  falcon  ter- 
ritories (2%,  n = 39;  Table  1):  Osprey  {Pan- 
dion  haliaetus).  Bald  Eagle  {Haliaeetus  leu- 
cocephalus).  Sharp-shinned  Hawk  {Accipiter 
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Day  of  nesting  season 


! FIG.  1.  Mean  number  of  aggressive  responses  of  Prairie  Falcons  on  nesting  territories  (responses/falcon  pair/ 
. hr;  52  nesting  attempts,  613  days)  directed  toward  Common  Ravens,  Red-tailed  Hawks,  and  Golden  Eagles  in 
['  southwestern  Idaho,  1984-1987. 

I' 


sthatiis).  Northern  Goshawk  (Accipiter  gen- 
tilis),  Swainson’s  Hawk  (Buteo  swainsoni). 
Ferruginous  Hawk  {Buteo  regalis),  Rough- 
1 legged  Hawk  {Buteo  lagopus),  gulls  {Lams 
spp.),  Barn  Owl  {Tyto  alba).  Great  Horned 
i Owl  {Bubo  virginianus).  Black-billed  Magpie 
I'  {Pica  hudsonia),  coyote  {Canis  latrans),  do- 
I mestic  dog  {Canis  familiaris),  and  porcupine 
{Erethizon  dorsatum).  Encounters  averaged  1 
min  56  sec  ± 2 min  35  sec  (SD)  and  did  not 
i differ  between  male  and  female  falcons  (Stu- 
i dent’s  r-test:  P = 0.25). 

i The  frequency  of  aggressive  responses  to- 
, ward  Common  Ravens  and  Red-tailed  Hawks 
was  greater  during  pre-incubation  than  during 
incubation  and  brood  rearing  (F2594  = 5.79,  P 
= ().()()3;  /'2  594  = 7.37,  P < 0.001,  respective- 
I ly;  Fig.  1),  but  did  not  differ  between  incu- 
I bation  and  brood  rearing  for  either  species 
I (Tukey’s  pairwise  test,  cxperimentwise  error 
I rates  P = 0.05).  Aggressive  responses  toward 
1 Golden  Eagles  were  relatively  stable  over  the 
» breeding  season  (/*2  594  = 1.70,  F = 0.  IS;  Fig. 

1).  Insufficient  information  was  available  to 
' discern  temporal  patterns  for  other  species. 

The  number  of  chases  as  a proportion  of 
total  aggressive  responses  was  highest  for 
American  Kestrel  (92%,  n = 26),  followed  by 
, bobcat  (88%,  n = 33),  and  Northern  Harrier 
: (80%,  /;  = 50)  (Table  1).  We  recorded  148 


combined  responses  to  intruders:  Common 
Ravens  made  up  32%,  Red-tailed  Hawks 
30%,  Golden  Eagles  16%,  Northern  Harriers 
5%,  and  bobcats  3%. 

Generally,  the  frequency  of  combined  vocal 
and  chase  responses  was  similar  for  male  and 
female  falcons;  the  exceptions  were  American 
Kestrel  and  bobcat  (Table  1).  Males  more  fre- 
quently chased  American  Kestrels  than  fe- 
males (Fisher’s  Exact  Test:  P = 0.030)  and 
females  chased  bobcats  more  than  males. 
Males  more  often  chased  Common  Ravens 
than  females  (69%,  n = 524  and  59%,  n = 
552,  respectively:  Table  1:  Fisher's  Exact  Test: 
P < O.OOl).  Males  chased  Turkey  Vultures 
more  often  (60%,  )i  = 38),  whereas  females 
responded  to  them  more  often  with  vocaliza- 
tions (67%,  n = 48;  Fisher's  Exact  Test:  P = 
0.016). 

DISCUSSION 

Prairie  Falcons  responded  to  avian  intruders 
by  vocalizing,  chasing,  or  both:  ground  pred- 
ators (i.e.,  bobcat  and  coyote)  were  mostly 
chased  ( fable  I ).  Aggressive  responses  of 
Prairie  falcons  may  reflect  a perceived  threat 
to  nest  or  offspring.  Prairie  f alcons  showed  a 
relatively  high  percentage  of  combined  re- 
sponses toward  Golden  fuigles.  Northern  Har- 
riers, bobcats.  Red-tailed  Hawks,  American 
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Kestrels,  and  Common  Ravens,  but  not  to  Tur- 
key Vultures.  Contrary  to  our  findings,  Kaiser 
(1986)  reported  that  Northern  Harriers  and 
Turkey  Vultures  were  largely  ignored  by  nest- 
ing Prairie  Falcons.  Ogden  and  Homocker 
(1977)  and  Kaiser  (1986)  reported  that  gen- 
erally. Red-tailed  Hawks  and  Golden  Eagles 
are  attacked  (chased),  as  we  found  for  Golden 
Eagles,  but  not  for  Red-tailed  Hawks  (Table 
1 ).  The  vigorous  response  of  Prairie  Falcons 
to  American  Kestrels  may  be  the  result  of 
provocation  by  kestrels,  which  tend  to  be  very 
aggressive  (Brown  and  Amadon  1968).  Coy- 
otes. bobcats  (Ogden  and  Homocker  1977. 
Sitter  1983.  Kaiser  1986.  Peterson  1988).  and 
Golden  Eagles  (McFadzen  and  Marzluff 

1996)  are  important  predators  of  nestling  and 
fledgling  Prairie  Falcons;  thus,  predator  deter- 
rence may  be  the  predominant  motivation  for 
aggressive  behavior  of  Prairie  Falcons  toward 
these  species,  particularly  during  brood  rear- 
ing. 

During  pre-incubation,  competition  for  nest 
sites  may  also  play  a role  in  high  levels  of 
aggressive  responses  of  Prairie  Falcons  to 
Common  Ravens  and  Red-tailed  Hawks  (Fig. 
1 ).  Alternatively.  Red-tailed  Hawks.  Common 
Ravens,  and  Prairie  Falcons  establish  nesting 
territories  during  approximately  the  same 
time,  possibly  increasing  the  frequency  of  en- 
counters and  raising  opportunities  for  aggres- 
sive responses.  Several  authors  (e.g..  Bent 
1937,  Kaiser  1986.  Anderson  and  Squires 

1997)  commented  on  the  notable  tolerance  of 
Prairie  Falcons  for  Common  Ravens.  Cade 
(1987)  suggested  a symbiotic  relationship  be- 
tween Common  Ravens  and  Prairie  Falcons, 
whereby  Prairie  Falcons  use  nests  built  by 
Common  Ravens  and  Common  Ravens  ben- 
efit by  robbing  prey  cached  by  Prairie  Fal- 
cons. 

Food  competition  may  explain  some  of  the 
aggressive  responses  observed.  Northern  Har- 
riers (Holthuijzen  et  al.  1987)  and  Red-tailed 
Hawks  (Haak  1982)  have  been  observed  to 
kleptoparasitize  adult  falcons.  Furthermore, 
scavengers  such  as  Common  Ravens  and.  per- 
haps. Turkey  Vultures,  may  rob  prey  caches 
(Bent  1937,^Cade  1987). 

Female  Prairie  Falcons  are  about  one-third 
larger  than  males  (Enderson  1964).  which 
may  result  in  a differential  response  toward 
potential  predators,  as  has  been  suggested  for 


other  diurnal  raptors  (Newton  1979).  Female 
falcons  were  responsible  for  85%  of  the  en- 
counters with  bobcats,  and  both  males  and  fe- 
males responded  with  high  intensity  to  this 
species  (100%  and  86%  chase,  respectively; 
Table  1 ).  The  larger  size  of  females  may  be  a 
more  effective  deterrent  against  bobcats  than 
the  greater  agility  of  males.  On  the  other  hand, 
American  Kestrels  were  always  chased  by 
male  Prairie  Falcons:  in  this  case,  the  agility 
of  the  male  may  be  more  effective.  Toward 
other  intruders,  however,  male  and  female 
Prairie  Falcons  showed  a similarly  aggressive 
response  (Table  1).  Apparently,  size,  agility, 
or  other  factors  related  to  the  size  difference 
between  males  and  females  do  not  provide  ei- 
ther gender  with  a particular  advantage  in  de- 
fense against  these  intruders. 
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THE  NEST,  EGGS,  AND  NESTLINGS  OF  THE  CASTELNAU’S 
ANTSHRIKE  (THAMNOPHILUS  CRYPTOLEU CUS),  WITH  NOTES 
ON  ITS  ECOLOGY  AND  CONSERVATION 

J.  W.  ARMACOST,  JR.i 


ABSTRACT. — I present  the  first  description  of  the  nest,  eggs,  and  nestlings  of  the  Castelnau’s  Antshrike 
{Thamnophilus  cryptoleucus).  During  June  and  July  of  2003,  I observed  three  nests  of  T.  cryptoleucus  in  riverine 
habitats  along  the  Rio  Amazonas,  downstream  from  Iquitos,  Departamento  Loreto,  Peru.  The  nests  were  deep, 
thin- walled  cups  suspended  from  the  surrounding  vegetation  1-3  m above  the  ground.  The  clutch  size  was  two, 
and  the  eggs  were  cream-colored  with  reddish-brown  markings.  I found  two  nests  on  islands  in  the  Rio  Amazonas 
and  one  nest  on  the  mainland,  providing  evidence  that  T.  cryptoleucus  is  not  exclusively  restricted  to  river 
islands.  Two  nests  were  in  river-edge  forest  dominated  by  Cecropia,  and  one  was  in  second-growth  scrub  next 
to  a banana  plantation,  suggesting  some  tolerance  of  anthropogenic  disturbance.  All  three  nests  were  active 
during  the  period  when  the  annual  floodwaters  were  receding.  Nest  placement,  structure  of  the  nest,  clutch  size, 
and  appearance  of  the  eggs  were  all  similar  to  those  of  the  closely  related  Blackish-gray  Antshrike  {Thamnophilus 
nigrocinereus)  and  are  typical  of  the  genus.  Received  24  March  2004,  accepted  29  July  2004. 


Castelnau’s  Antshrike  (Thamnophilus  cryp- 
toleucus) occurs  in  western  Amazonia  (west- 
ern Brazil,  northeastern  Peru,  southeastern 
Colombia,  and  northeastern  Ecuador),  where 
it  is  locally  fairly  common  in  riverine  forests, 
particularly  on  river  islands  (Sibley  and  Mon- 
roe 1990,  Ridgely  and  Tudor  1994,  Stotz  et 
al.  1996,  Zimmer  and  Isler  2003).  The  natural 
history  and  ecology  of  T.  cryptoleucus  are 
poorly  known  (but  see  Rosenberg  1990),  and 
there  is  no  previously  published  description  of 
its  nest,  eggs,  or  nestlings  (Zimmer  and  Isler 
2003).  While  conducting  fieldwork  during  the 
summer  of  2003  on  islands  in  the  Rfo  Ama- 
zonas downstream  of  Iquitos  in  Departamento 
Loreto,  Peru,  I found  three  nests  of  T.  cryp- 
toleucus, one  of  which  I monitored  periodi- 
cally over  16  days. 

Description  of  nest  and  eggs. — I found  the 
first  nest  on  13  June  in  river-edge  forest  on 
the  south  bank  of  the  Rfo  Amazonas  near  the 
mouth  of  the  Quebrada  Yanayacu  (3°  33'  35" 
S,  73°  03'  28"  W).  The  second  nest  was  found 
on  1 1 July  near  the  edge  of  a cultivated  ba- 
nana grove  adjacent  to  second-growth  scrub 
on  Isla  Padre  in  the  Rfo  Amazonas  near  Iqui- 
tos (approximately  3°  38'  S,  73°  06'  W;  exact 
coordinates  not  taken).  I found  the  third  nest 
on  14  July  in  river-edge  forest  on  an  unnamed 
island  in  the  Rfo  Amazonas  near  the  mouth  of 
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the  Quebrada  Yanamono  (3°  27' 51"S,  72°  48' 
25"  W). 

The  first  nest  was  located  in  a patch  of 
young  river-edge  forest  characterized  by  a low 
(approximately  6 m in  height)  canopy  domi- 
nated by  Inga  trees,  with  some  taller,  emer- 
gent Cecropia  trees.  The  shrub  layer  was 
dominated  by  Heliconia.  The  nest  was  ap- 
proximately 20  m from  the  water’s  edge  and 
an  equal  distance  from  a small  (0.5-1  ha) 
clearing  planted  in  yuca  (Manihot),  bananas, 
com,  and  other  crops.  I conducted  a detailed 
analysis  of  the  vegetative  stmcture  of  the  riv- 
er-edge forest  at  the  site  of  the  first  nest.  I 
recorded  ground  cover  (80%  forbs,  20%  leaf 
litter),  number  of  stems  <2.5  cm  in  diameter 
(368),  number  of  stems  2. 5-8.0  cm  in  diam- 
eter (17),  canopy  density  (95%  closed),  and 
canopy  height  (5.9  m)  within  a 5-m-radius 
sampling  plot  centered  on  the  nest.  I also  re- 
corded diameter  at  breast  height  of  all  stems 
>8  cm  in  diameter  within  an  1 1.3-m-radius 
tree  sampling  plot  centered  on  the  nest  (Inga: 
13.8  cm  ± 2.9  SD,  n = 6;  Cecropia:  16  cm, 
72  = 1;  snag:  9 cm,  n = 1).  I found  the  second 
nest  in  a densely  populated  section  of  river- 
front, where  the  habitat  consisted  of  inter- 
spersed home  sites,  agricultural  clearings,  and 
patches  of  natural  second-growth  vegetation. 
The  nest  was  located  near  the  edge  of  a clear- 
ing planted  in  bananas  and  a patch  of  scmbby 
second-growth  vegetation.  The  nest  was  >100 
m from  the  water’s  edge.  The  third  nest  was 
located  in  a patch  of  river-edge  forest  char- 


262 


Armacost  • CASTELNAU’S  ANTSHRIKE  NEST 


263 


acterized  by  a relatively  open  canopy  of  Cec- 
ropia  trees  20  m in  height  and  a dense  un- 
derstory of  Gynerium  cane.  The  nest  was  ap- 
proximately 30  m from  the  water’s  edge,  and 
there  were  no  clearings  on  the  island  where 
the  nest  was  located. 

All  three  nests  were  suspended  by  the  rim 
from  live  vegetation.  The  first  nest  was  0.8  m 
above  the  ground  in  a 4-m-high  shrub,  the 
central  stem  of  which  was  5 mm  in  diameter 
at  1 m above  the  ground.  The  nest  was  sus- 
pended in  a horizontal  fork  0.3  m from  the 
central  stem.  It  was  attached  to  two  branches, 
\ which  were  5 mm  and  4 mm  in  diameter.  The 
) nest  was  approximately  80%  concealed  by 
I leaves  from  above.  Side  concealment  from 
1 different  angles  ranged  from  less  than  10%  to 
|i  nearly  90%.  The  second  nest  was  placed  ap- 
I proximately  1.25  m above  the  ground  in  a sap- 
ling that  was  approximately  1.5  m in  height. 

I It  was  suspended  between  two  branches  of  a 
horizontal  fork,  and  was  poorly  concealed  by 
I the  surrounding  vegetation.  The  third  nest  was 

I much  higher,  nearly  3 m above  the  ground. 
The  nest  was  attached  at  the  rim  to  three  small 

i vines,  all  of  which  were  <10  mm  in  diameter. 
The  vines  supporting  the  nest  hung  down  from 

II  a much  thicker  tangle  of  vines,  so  that  the  nest 
; was  fairly  exposed  from  the  sides,  but  almost 

entirely  concealed  from  above  by  the  bulk  of 
'I  the  vine  tangle. 

I The  nest  of  T.  cryptoleucus  is  fairly  typical 
M of  those  of  other  members  of  the  genus  Tham- 
nophilus.  The  first  nest  was  a deep,  thin- 
walled  cup  attached  by  the  rim  in  a horizontal 
fork  (Fig.  1).  It  was  composed  primarily  of 
grass,  with  some  seed  heads  and  small  vines 
included.  There  was  no  distinct  nest  lining  and 
no  decoration  on  the  outside  of  the  nest.  The 
nest  was  deeper  than  it  was  wide,  and  had 
I very  thin  walls.  The  outer  diameters  were  80 
i and  120  mm,  and  the  outer  height  was  145 
I mm.  The  inner  diameters  were  50  and  70  mm, 

I and  the  inner  depth  was  105  mm.  The  second 
I and  third  nests  were  similar  in  construction  to 
I the  first.  The  second  nest  was  also  similar  in 
|l  size  to  the  first,  but  the  third  nest  was  slightly 
I smaller  (exact  measurements  not  taken). 

The  eggs  and  clutch  size  of  T.  cryptoleucus 
are  also  typical  of  the  genus,  fhe  first  and 
: second  nests  each  contained  two  eggs  when 
I discovered  (the  third  contained  two  nestlings). 

I The  oval-shaped  eggs  were  crcani-c(4ored 


with  a dense  scattering  of  irregular,  reddish- 
brown  markings  distributed  evenly  across  the 
surface.  The  two  eggs  from  the  second  nest 
measured  26  X 18  mm  and  25  X 18  mm. 

The  first  nest  was  visited  periodically  over 
16  days  during  the  late  incubation  and  early 
nestling  stages.  On  13  June,  and  again  on  16 
June,  an  adult  female  was  flushed  from  the 
nest,  which  contained  two  eggs.  On  20  June, 
the  nest  was  unattended  and  contained  two 
gray-skinned  nestlings,  which  were  unfeath- 
ered and  had  not  opened  their  eyes.  On  22 
June,  and  again  on  26  June,  the  male  and  fe- 
male adults  scolded  from  nearby  as  I checked 
the  nest,  which  still  contained  the  two  nest- 
lings. By  26  June,  approximately  8 days  after 
hatching,  the  nestlings  had  pin  feathers  but  no 
down  feathers.  On  29  June,  10  to  12  days  after 
hatching,  the  nestlings  were  gone.  The  second 
nest  was  visited  only  once.  An  adult  female 
was  flushed  from  the  nest,  which  contained 
two  eggs.  The  third  nest  was  visited  only 
twice,  on  14  June  and  16  June.  During  both 
visits,  the  nest  contained  two  nestlings  and 
was  unattended  by  an  adult. 

I was  unable  to  determine  the  fate  of  the 
first  nest  with  certainty.  Antbirds  often  have 
relatively  short  nestling  periods  for  their  body 
size  (Skutch  1976),  varying  from  8 to  16  days 
(Skutch  1996,  Zimmer  and  Isler  2003).  There- 
fore, it  is  possible  that  the  nestlings  from  the 
first  nest  did  fledge  (10-12  days  after  hatch- 
ing), although  the  presence  of  (only)  pin 
feathers  at  approximately  8 days  after  hatch- 
ing suggests  a longer  nestling  period  in  T. 
cryptoleucus.  Also,  the  nest  was  partially  torn 
from  its  supporting  branches,  which  suggests 
that  the  nest  may  have  been  depredated.  Ul- 
timately, I was  unable  to  accurately  determine 
the  length  of  the  incubation  or  nestling  peri- 
ods, but  the  development  of  the  nestlings  in 
the  first  nest  was  typical  of  that  described  for 
other  antbirds  (Skutch  1996). 

Timing  of  breeding. — The  annual  Hood 
peak  at  Iquitos,  Peru,  occurs  during  May,  at 
which  time  most  of  the  islands  and  the  main- 
land immediately  adjacent  t(^  the  river  arc  in- 
undated; the  flood  recedes  rapidly  during  June 
and  July,  reaching  an  annual  low  timing  Au- 
gust or  September  (Bodmer  1990).  fhe  three 
nests  of  r.  cryptoleucus  that  1 found  were  all 
active  during  the  period  when  the  flootl waters 
were  recetling.  The  eggs  in  the  first  nest 
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FIG.  I.  Nest  of  Castelnau’s  Antshrike  {Thamnophilus  cryptoleucus),  found  in  a shrub  in  river-edge  forest 
on  the  south  bank  of  the  Rio  Amazonas,  downstream  from  Iquitos,  Departmento  Loreto,  Peru,  June  2003. 
Illustration  by  JWA. 


hatched  on  or  around  18  June;  thus,  presum- 
ably they  were  laid  around  4 June.  If  correct, 
construction  of  the  nest  would  have  begun  in 
late  May,  just  as  the  floodwaters  began  to  re- 
cede. Because  the  nest  was  located  on  a nat- 
ural levee  along  the  river,  the  ground  under 
the  nest  probably  would  not  have  been  inun- 
dated, even  at  the  peak  of  the  flood  pulse, 
though  much  of  the  surrounding  river-edge 
forest  would  have  been  inundated. 

Collections  at  the  Louisiana  State  Univer- 
sity Museum  of  Natural  Science  (LSUMNS) 
and  the  Museo  de  Historia  Natural  de  la  Univ- 
ersidad  Nacional  Mayor  de  San  Marcos  con- 
tain specimens  of  male  and  female  T.  cryp- 
toleucus— in  breeding  condition — that  were 


collected  from  unflooded  islands  in  the  Rfo 
Amazonas  in  Peru  during  the  months  of  July 
and  August.  The  LSUMNS  collection  also 
contains  a male  specimen  in  breeding  condi- 
tion that  was  collected  on  the  Rfo  Santiago  in 
Peru  during  the  month  of  October.  Finally, 
Russell  and  Lamm  (1978)  collected  a pair  in 
breeding  condition  on  a partially  flooded  is- 
land in  the  Rfo  Amazonas  in  Colombia  during 
the  month  of  March.  No  specimens  or  obser- 
vations are  available  from  other  months  of  the 
year,  so  the  length  of  the  breeding  season  of 
T.  cryptoleucus  cannot  be  determined. 

Comparison  with  other  Thamnophilids. — 
Twenty-six  species  are  currently  recognized 
within  the  genus  Thamnophilus,  and  the  nest 
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and  eggs  have  been  described  for  15  of  these 
(Zimmer  and  Isler  2003).  The  nest  structure, 
placement  of  the  nest,  clutch  size,  and  the  ap- 
pearance of  the  eggs  are  similar  among  all 
species  for  which  the  nest  and  eggs  have  been 
described  (Zimmer  and  Isler  2003).  T.  cryp- 
toleucus  was  originally  described  as  a subspe- 
cies of  the  Blackish-gray  Antshrike  {T.  nigro- 
cinereus)  but  has  subsequently  been  elevated 
i to  species  rank  and  is  considered  to  form  a 
superspecies  with  T.  nigrocinereus  (Hilty  and 
Brown  1986,  Sibley  and  Monroe  1990,  Zim- 
mer and  Isler  2003).  The  nest  and  eggs  of  T. 
cryptoleucus  are  similar  to  those  of  T.  nigro- 
cinereus and  are  typical  of  the  genus. 

The  typical  Thamnophilus  nest  is  a deep 
I cup  of  woven  grasses  suspended  by  the  rim  in 
the  fork  of  a branch,  usually  within  4 m of 
[ the  ground  (Zimmer  and  Isler  2003).  The  nest 
of  T.  nigrocinereus  is  a deep  cup  of  woven 
plant  fibers  and  spider  silk  suspended  from  the 
rim  in  a horizontal  fork  of  a small  bush  1—2 
m above  the  ground  (Zimmer  and  Isler  2003). 
The  nest  of  T.  cryptoleucus  is  similar  to  that 
of  T.  nigrocinereus,  but  none  of  the  three 
nests  of  T.  cryptoleucus  that  I observed  in- 
cluded conspicuous  spider  silk.  The  clutch 
size  is  typically  two  in  the  genus  Thamnophi- 
lus (Zimmer  and  Isler  2003):  the  clutch  size 
of  T.  nigrocinereus  is  two  (Zimmer  and  Isler 
2003),  as  is  that  of  T.  cryptoleucus.  Thanino- 
philus  eggs  are  generally  white,  cream-col- 
ored, or  pinkish  and  spotted  or  otherwise 
marked  with  brown,  reddish-brown,  or  pur- 
plish colors.  The  markings  are  often  concen- 
trated in  a wreath  at  the  larger  end  of  the  egg, 
but  may  be  evenly  distributed  across  the  egg 
(Zimmer  and  Isler  2003).  The  eggs  of  T.  ni- 
grocinereus are  creamy  white  with  large,  vi- 
olet-brown spots  that  are  denser  at  the  larger 
end  of  the  egg  (Zimmer  and  Isler  2003).  The 
eggs  of  T.  cryptoleucus  arc  also  creamy  while, 
but  with  reddish-brown  markings  that  are 
more  or  less  evenly  distributed  across  the  sur- 
face of  the  egg. 

Ecology  and  conservation. — 1.  cryptoleu- 
cus is  often  considered  a river-island  t)bligate 
(Hilty  and  Brown  1986,  Sibley  and  Monroe 
1990,  Ridgely  and  I'udor  1994,  Ridgely  and 
Greentield  2001),  although  it  sometimes  oc- 
curs on  the  mainland  in  successional  habitats 
(vStotz  et  al.  1996,  Zimmer  and  Isler  2()()3; 
JWA  unpubl.  data).  .1.  P.  O’Neill  (pers.  comm.) 


observed  a resident  pair  in  river-edge  forest 
on  the  mainland  along  the  Rio  Santiago  in 
Peru.  I have  found  T.  cryptoleucus  in  river- 
edge  forest  and  in  anthropogenically  disturbed 
habitats  at  both  island  and  mainland  sites 
along  the  Rio  Amazonas,  downstream  of  Iqui- 
tos,  Peru.  The  presence  of  an  active  nest  of  T. 
cryptoleucus  in  river-edge  forest  on  the  main- 
land provides  further  evidence  that  the  species 
is  not  always  an  island  obligate  and  that  res- 
ident breeding  populations  occur  on  the  main- 
land. 

The  presence  of  an  active  nest  at  the  edge 
of  an  actively  managed  banana  grove  suggests 
that  T.  cryptoleucus  is  fairly  tolerant  of  human 
disturbance.  In  fact,  anthropogenic  distur- 
bance may  play  an  important  role  in  main- 
taining appropriate  habitat  on  the  mainland  for 
T.  cryptoleucus  and  other  avian  species  that 
have  often  been  considered  river-island  obli- 
gates, but  which  occur  on  the  mainland  at  the 
sites  I have  studied.  Although  T.  cryptoleucus 
is  not  currently  considered  to  be  threatened 
(Stotz  et  al.  1996,  Zimmer  and  Isler  2003),  the 
total  population  size  is  probably  small  (Ro- 
senberg 1990,  Zimmer  and  Isler  2003),  and 
the  species  would  be  vulnerable  to  anthropo- 
genic changes  in  the  hydrological  regime 
within  Amazonia  (Remsen  and  Parker  1983, 
Rosenberg  1990,  Zimmer  and  Isler  2003)  due 
to  dam  construction  (Borges  and  Carvalhaes 
2000),  deforestation  (Gentry  and  Lopez-Par- 
odi  1980),  or  global  climate  change  (Nijssen 
et  al.  2001).  Because  rivers  are  important 
transportation  corridors  throughout  much  of 
Amazonia,  lands  adjacent  to  the  rivers  are  of- 
ten the  hrst  to  be  developed;  in  addition,  few 
floodplain  areas  in  Amazonia  are  protected  as 
parks  or  reserves  (Borges  and  Carvalhaes 
2000,  Parra  et  al.  2001).  Consequently,  many 
riverine  species  are  threatened  by  direct  con- 
version of  their  habitat  for  agriculture.  The 
ability  of  T.  cryptoleucus  to  adapt  to  anthro- 
pogenic habitats  would  significantly  mitigate 
the  impact  of  anthropogenic  habitat  alteration. 
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When  Should  Mayfield  Model  Data  be  Discarded? 

Thomas  R.  Stanley^ 


ABSTRACT. — Much  confusion  exists  over  the  prop- 
er way  to  handle  nest-fate  data  collected  after  the  fledge 
date  when  using  the  Mayfield  method.  I provide  a sim- 
ple numerical  example  showing  how  use  of  these  data 
I can  bias  estimates  of  daily  survival  probability,  and  pre- 
sent a likelihood  function  demonstrating  that  nest-fate 
i data  collected  after  the  fledge  date  do  not  contribute  any 
j information  for  parameter  estimation,  except  in  a sel- 
i dom-realized  special  case.  Consequently,  it  is  recom- 
I mended  that  under  the  Mayfield  model,  nest-fate  data 
I collected  after  the  fledge  date  be  discarded.  Received  16 
! April  2004,  accepted  31  July  2004. 


Previously,  I presented  a generalization  of 
the  Mayfield  method  (Mayfield  1961,  1975) 
for  estimating  daily  survival  probabilities  of 
nests,  and  advocated  discarding  nest-fate  data 
collected  after  the  fledge  date  of  a nest  (Stan- 
ley 2004).  The  reason  for  this  recommenda- 
tion is  that  errors  or  uncertainty  in  determin- 
ing  nest  fate  after  the  fledge  date,  combined 
with  decisions  by  the  investigator  as  to  how 
these  data  should  be  handled,  can  unnecessar- 
ily bias  estimates  of  daily  survival  probability. 
Because  this  problem  also  manifests  itself  in 
the  widely  used  Mayfield  model  for  daily  sur- 
vival probabilities,  and  because  (in  my  expe- 
rience) there  continues  to  be  confusion  re- 
■1  garding  when  and  why  such  data  should  be 
discarded  (Manolis  et  al.  2000),  1 present  in 
this  note  a simple  numerical  example  illus- 
j trating  the  problem  and  how  it  can  be  avoided. 
[’My  goal  is  to  bring  clarity  to,  and  increase 
awareness  of,  this  issue. 

Let  us  suppose  we  have  a population  of  32 
nests,  each  containing  exactly  one  nestling, 
and  that  the  daily  survival  probability  ip)  for 
those  nests  is  0.5  (these  numbers  were  chosen 
t for  illustrative  purposes,  and  are  not  intended 
to  be  realistic).  Further,  suppose  that  we  know 
every  nest  is  exactly  2 days  from  fledging,  and 
^ that  after  the  first  day  16  nests  survive  and  16 


I ' LI.S.  Cicological  Survey,  f ort  C'ollins  Science  ('en- 
j ter,  2150  Centre  Ave.,  Bklg.  Fort  Collins.  CO 
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fail,  and  after  the  second  day  8 of  the  16  re- 
maining nests  survive  to  fledging  and  8 fail 
before  fledging.  Finally,  of  the  eight  nests  that 
failed  during  the  second  day,  assume  that  at 
four  of  the  nests  there  was  obvious  evidence 
that  the  nest  had  been  depredated  (e.g.,  feath- 
ers, tissue  remains),  and  at  the  remaining  four 
nests  there  was  no  evidence  (e.g.,  the  nestling 
was  carried  off).  If  we  were  studying  this  pop- 
ulation of  nests  and  had  perfect  knowledge  of 
the  situation  just  outlined  (except  for  p),  then 
the  likelihood  function  (L)  under  which  we 
would  estimate  p would  be  proportional  to 
/7'®(1  - py^p^(\  - pY  (Johnson  1979),  and  our 
maximum  likelihood  estimate  of  p would  be 
p = (16  + 8)/(32  + 16)  = 0.5.  This  estimate 
is  mathematically  equivalent  to  the  usual 
Mayfield  estimate,  and  is  unbiased. 

Now  consider  a slightly  different  situation, 
where  we  have  the  same  information  as  above 
except  that  we  do  not  know  the  fate  of  every 
nest  after  the  second  day  because  when  we  ar- 
rived at  nests  they  were  empty.  We  are,  how- 
ever, able  to  correctly  deduce  that  at  least  4 of 
the  16  nests  failed  because  there  were  feather 
and  tissue  remains  and  we  knew  the  nests  con- 
tained only  one  nestling.  How  should  we  ana- 
lyze these  data?  1 present  three  scenarios: 

Scenario  1. — Because  we  found  no  e\  idence 
to  the  contrary,  and  because  the  nestlings  were 
gone  from  the  nest,  we  assume  the  1 2 nests 
without  evidence  of  predation  successfully 
fledged  young.  Under  this  assumption  we  gel 
L ^ p'H\  — p)'^V?'*(  1 — pY,  and  p = (16  + 
12)/(32  + 16)  = 0.583.  J'his  estimate  is  posi- 
tively biased,  because  the  true  p = 0.5. 

Scenario  2. — Because  we  only  know  with 
certainty  that  four  nests  failed  after  the  second 
day,  v\e  only  use  those  data  in  our  analysis, 
rhis  is  et|ui\ailenl  to  assuming  there  were  only 
4 nests  at  risk  of  predation  the  seeond  day 
(instead  of  16);  therefore.  /.  /F'J  1 pY"p'\  1 

pY.  aiul  p (16  -I-  ())/(32  + 4)  - 0.444. 
rhis  estimate  is  negati\ely  biased. 

Scenario  3.  Beeause  we  eamiot  determine 
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unequivocally  the  fate  of  every  nest  checked 
after  the  second  day  (the  fledge  date),  we  dis- 
card all  data  for  nests  checked  after  the  fledge 
date.  Under  this  scenario  we  get  L /?'^(1  ~ 
and  p = (16)/(32)  = 0.5.  This  estimate 
is  unbiased. 

Of  the  three  scenarios  presented,  only  the 
last  yields  an  unbiased  estimate  of  p.  We  were 
able  to  use  data  collected  after  the  first  day 
because  we  knew  the  nests  were  2 days  from 
fledging  when  they  were  found;  hence,  we 
knew  the  16  empty  nests  found  after  the  first 
day  had  to  have  failed.  However,  when  we 
found  16  empty  nests  after  the  second  day  we 
could  not  be  certain  of  the  fate  of  every  nest 
(only  4 of  them).  Consequently,  it  was  nec- 
essary to  discard  all  data  from  the  second  day 
so  we  would  not  bias  our  estimate. 

The  situation  above,  where  knowledge  of 
nest  fate  is  imperfect,  was  simplified  to  illus- 
trate the  main  point  of  this  note.  In  reality, 
there  are  likely  to  be  some  nests  checked  after 
fledging  where  failure  or  success  can  be  de- 
termined without  error.  If  we  let  r^  be  the 
probability  a nest  checked  after  the  fledge  date 
is  determined  to  have  succeeded  when  it  did, 
in  fact,  succeed,  and  let  r2  be  the  probability 
a nest  checked  after  the  fledge  date  is  deter- 
mined to  have  failed  when  it  did,  in  fact,  fail, 
then  the  appropriate  model  for  our  data  (con- 
tinuing with  the  example  above)  is 

L oc  /7"i(l  “ ~ p)Y"' 

X [(1  - r,)p  + (1  - r2)(l  - P)Y^. 

Here,  and  U2  are  the  number  of  nests  sur- 
viving or  failing  after  the  first  day,  n^,  and 
are  the  number  of  nests  known  with  complete 
certainty  to  have  survived  or  failed  over  the 
second  day  (i.e.,  known-fate  nests  checked  af- 
ter the  fledge  date),  and  is  the  number  of 
nests  checked  after  the  fledge  date  where  fate 
could  not  be  determined  with  complete  cer- 
tainty (in  the  preceding  numerical  example 
--  16,  ti2  =16,  — 0,  ^4  = 4,  and  = 12). 

Using  standard  maximum  likelihood  methods 
under  the  assumption  that  r2,  it  can  be 

shown  that  the  maximum  likelihood  estimate 
for  p p = /i,/(«,  + TI2).  In  other  words,  none 
of  the  nest-fate  data  collected  for  nests  after 
the  fledge  date  (i.e.,  n^,  or  n^)  contributes 

information  to  the  parameter  estimate,  even 
though  the  fate  of  some  of  those  nests  is 


known  with  certainty.  It  is  as  if  the  data  did 
not  exist,  or  were  discarded.  Only  in  the  spe- 
cial case  where  r,  ==  K2  (and  r^,  K2  > 0)  do 
nest-fate  data  collected  after  the  fledge  date 
contribute  to  the  estimate  of  p.  In  that  case,  p 
= {n^  + nY)l{ri\  + ri2  + ^3  + tiY-  Because  in 
real-world  situations  it  will  almost  always  be 
the  case  that  # r2,  and  because  r^  and  r2 
will  usually  be  unknown  (so  equality  can  not 
be  ascertained),  it  is  evident  that  nest-fate  data 
collected  after  the  fledge  date  should  almost 
always  be  omitted  from  analyses  under  the 
Mayfield  model  (i.e.,  scenario  3 above).  At- 
tempts to  use  these  data  in  an  ad  hoc  fashion, 
as  was  illustrated  by  scenarios  1 and  2 above, 
will  only  serve  to  bias  what  would  otherwise 
be  an  unbiased  estimate. 

In  the  material  above,  I have  shown  that 
even  under  ideal  conditions — where  nests  are 
checked  daily,  the  exact  fledge  date  is  known, 
and  there  is  only  one  nestling  per  nest — nest- 
fate  data  collected  after  the  fledge  date  do  not 
contribute  information  for  parameter  estima- 
tion under  the  Mayfield  model,  and,  if  used  in 
an  ad  hoc  fashion,  will  introduce  bias.  In  re- 
ality, the  situation  is  even  worse  than  I have 
portrayed.  In  most  studies,  nests  are  not 
checked  daily  and  the  exact  fledge  date  is  un- 
known. Consequently,  evidence  that  might  in- 
dicate nest  fate  (e.g.,  the  presence  of  nearby 
young,  tissue  remains)  will  have  had  time  to 
disappear,  and  we  do  not  know  how  many 
days  passed  before  the  nest  failed  or  fledged. 
Thus,  we  do  not  know  the  number  of  “nest 
days”  to  credit  to  a nest  and  this  can  create 
additional  bias,  even  in  the  special  case  where 

= r2.  Furthermore,  for  many  species  there 
is  often  more  than  one  nestling  present  and 
this  will  further  complicate  accurate  assign- 
ment of  nest  fate.  For  example,  suppose  a nest 
contained  three  nestlings  and  that  two  fledged 
before  the  third  nestling  was  taken  by  a pred- 
ator. We  would  likely  conclude  the  nest  had 
failed,  even  though  it  actually  succeeded. 
Once  again,  this  can  create  additional  bias. 
These  real-world  complications  only  serve  to 
reinforce  the  main  message  of  this  paper,  that 
nest-fate  data  collected  after  the  fledge  date — 
or  more  precisely,  the  predicted  fledge  date  as 
determined  by  the  investigator — should  be 
omitted  from  the  analysis. 

The  Mayfield  model  was  developed  under 
the  assumption  that  daily  survival  probability 
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ip)  is  constant,  when,  in  reality,  p is  probably 
heterogeneous  (Stanley  2000,  Dinsmore  et  al. 
2002,  Stanley  2004).  If  p is  heterogeneous, 
and  if  the  interval  between  nest  checks  is 
long,  then  it  is  possible  that  discarding  nest- 
fate  data  collected  after  the  fledge  date  will 
result  in  a loss  of  information  about  the  nature 
of  heterogeneity  in  p near  the  fledge  date,  and 
this  could  adversely  affect  robustness  of  the 
Mayfield  estimator  (D.  H.  Johnson  pers. 
comm.).  To  prevent  the  loss  of  such  infor- 
mation, investigators  should  make  every  ef- 
fort to  check  nests  more  frequently  as  the  pre- 
dicted fledge  date  approaches.  Not  only  will 
this  lead  to  more  robust  estimates  under  the 
Mayfield  model  by  decreasing  the  net  infor- 
mation loss  from  discarded  data,  but  it  also 
will  allow  investigators  to  continually  update 
the  predicted  fledge  date  so  that  in  the  end  it 
more  closely  approximates  the  actual  fledge 
date,  thereby  improving  estimates. 
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Predation  of  a Golden-cheeked  Warbler  Nest  by  a Western  Scrub-Jay 

Jason  Petyk’’^ 


ABSTRACT. — I observed  a Western  Scrub-Jay 
(Aphelocoma  califomica)  consume  a Golden-cheeked 
Warbler  (Dendroica  chrysoparia)  nestling  and  a Brown- 
headed Cowbird  (Molothrus  ater)  nestling  in  northwest- 
ern Travis  County,  Texas,  in  May  1995.  During  a 4.5-hr 
period  after  brood  destruction,  warbler  adults  repeatedly 
brought  insects  to  the  depredated  nest,  and  during  each 
visit  they  appeared  to  search  for  the  nestlings  in  the  nest 
area  and  adjacent  trees  while  carrying  the  in.sects.  When 
the  Jay  subsequently  returned  to  the  nest  to  take  an  un- 
hatched egg,  the  female  warbler  performed  a distraction 
display.  My  observations  indicate  that,  in  some  cases, 
parental  feeding  behavior  and  nest  dcfen.se  can  continue 
for  a short  time  after  brood  loss.  Received  27  March 
2(X)2.  accepted  2H  May  2(X)4. 
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The  Golden-cheeked  Warbler  (Dendroica 
chrysoparia)  is  an  endangered  species  that 
breeds  only  in  mature  oak  (Qnercus  spp.)- 
Ashe  Juniper  (Juniperus  ashei)  forests  or 
woodlands  in  central  Texas.  Nest  predation  is 
an  important  cause  of  mortality  for  this  spe- 
cies (Gass  1996,  Jette  et  al.  1998.  Ladd  and 
Gass  1999)  and  has  been  described  in  detail 
only  for  rat  snake  (Elaphe  Ruttata)  predation 
(Pulich  1976,  Stake  2001)  and  Brown-headed 
Cowbird  (Molothrus  ater)  predation  (.Stake 
and  Cavanagh  2001).  Documentation  of  pa- 
rental behavior  in  response  to  predation  is  es- 
pecially scarce.  Here,  1 provide  the  first  de- 
tailed account  of  nest  predation  at  a Ciolden- 
cheeked  Warbler  nest  by  a Western  .Scrub-Jay 
(Aphelocoma  califomica)  aiul  describe  war- 
bler behavior  in  response  to  predation. 
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I recorded  this  observation  during  a study 
of  Golden-cheeked  Warblers  at  the  Balcones 
Canyonlands  National  Wildlife  Refuge  in 
northwestern  Travis  County,  Texas  (30°  30'  N, 
97°  58'  W).  The  warbler  nest  was  3.2  m high 
in  a 4.5-m  high  Ashe  juniper  on  the  south- 
facing slope  of  a sparsely  wooded  canyon.  It 
contained  one  3-  to  4-day  old  Golden-cheeked 
Warbler  nestling,  one  4-  to  5-day  old  Brown- 
headed Cowbird  nestling,  and  one  unhatched 
Golden-cheeked  Warbler  egg  (L.  Gass  pers. 
comm.).  I watched  the  nest  for  a total  of  5 hr 
and  24  min  from  a distance  of  10  m using  a 
spotting  scope  and  8 X 42  binoculars. 

On  16  May  1995  at  07:40  CST,  an  adult 
Western  Scrub-Jay  began  foraging  on  the 
ground  near  the  warbler  nest,  during  warbler 
feeding  visits.  When  it  was  8 m from  the  nest 
tree,  the  jay  stopped  foraging  and  flew  to  a 
branch  below'  the  nest.  After  hopping  from 
branch  to  branch  for  several  seconds,  the  jay 
flew  to  the  limb  supporting  the  nest,  and  the 
nestlings  began  vocalizing  wdth  typical  beg- 
ging calls.  The  jay  grasped  the  cowbird  nest- 
ling by  the  neck  and  carried  it  to  the  ground. 
The  jay  vigorously  pecked  at  the  nestling  sev- 
eral times  and  tore  off  and  swallowed  several 
chunks  of  flesh.  My  view  was  partially  ob- 
scured, but  I presume  that  the  jay  consumed 
the  entire  nestling,  as  no  prey  remains  were 
later  found  at  this  location.  Immediately  after- 
wards, the  jay  returned  to  the  nest,  removed 
the  warbler  nestling,  carried  it  to  the  ground, 
and  consumed  it  in  the  same  manner.  The  jay 
then  returned  to  the  nest  a third  time,  picked 
up  the  remaining  warbler  egg,  placed  it  back 
in  the  nest,  and  flew  off.  This  series  of  events 
lasted  about  2 min,  during  which  the  adult 
warblers  were  apparently  unaware  of  the  jay’s 
presence.  Five  min  later,  the  female  warbler 
brought  an  insect  to  the  nest,  swallowed  it  im- 
mediately upon  perching  over  the  nest,  con- 
sumed a fecal  sac,  and  departed.  The  warbler 
did  not  appear  to  be  alarmed  during  this  visit. 
During  the  next  4 hr  and  22  min,  the  adults 
brought  insects  to  the  nest  seven  times.  They 
perched  at  the  nest  with  food  in  their  bills, 
uttered  repeated  “chip”  notes  (Pulich  1976), 
and  swiftly  hopped  around  the  nest,  nest 
branch,  nest  tree,  and  neighboring  trees.  I in- 
terpreted these  behaviors  as  searching  bouts, 
where  the  adults  were  apparently  in  search  of 
their  nestlings.  Each  bout  lasted  approximate- 


ly 5-30  sec,  totaling  about  90  sec  for  the  fe- 
male and  40  sec  for  the  male  over  the  entire 
observation  period.  After  each  of  these  bouts, 
the  warblers  returned  to  the  nest  and  either 
swallowed  the  insect  they  were  carrying,  or 
departed  from  the  nest  area  with  the  food  still 
in  their  bills.  During  three  visits,  the  parents 
spent  several  seconds  probing  for  and  consum- 
ing fecal  material  from  the  bottom  of  the  nest. 

At  12:45,  I again  observed  a Western 
Scrub-Jay  (presumably  the  same  individual) 
foraging  on  the  ground  near  the  nest.  The  war- 
blers began  chipping  excitedly  in  the  trees 
above  the  jay,  and  at  12:48,  when  the  jay  was 
foraging  15  m from  the  nest  tree,  the  female 
performed  a distraction  display  3-4  m from 
the  jay.  With  its  tail  feathers  spread  and  wings 
fluttering,  the  warbler  chipped  rapidly  and 
hopped  gradually  along  a low  branch.  The  jay 
did  not  appear  to  react  to  this  display,  and  it 
continued  foraging.  At  12:50,  the  jay,  10  m 
from  the  nest  tree,  flew  directly  to  the  warbler 
nest  and  carried  the  remaining  egg  to  a nearby 
branch.  While  the  jay  held  the  egg  against  the 
branch  with  its  feet  and  began  to  consume  the 
egg,  the  adult  warblers  chipped  loudly  close 
by.  The  jay  did  not  appear  to  react  to  the  war- 
blers and  several  seconds  later  flew  from  the 
nest  area.  The  warblers  remained  in  the  nest 
area  and  chipped  loudly  for  1 1 min,  but  no 
additional  parental  feeding  bouts  were  ob- 
served. I stopped  watching  the  nest  at  13:15. 

Whereas  Western  Scrub-Jays  were  consid- 
ered likely  nest  predators  of  Golden-cheeked 
Warblers  before  this  observation  was  recorded 
(U.S.  Fish  and  Wildlife  Service  1990),  this  is 
the  first  detailed  description  of  Golden- 
cheeked Warbler  nest  predation  by  this  spe- 
cies. (A  summary  of  this  observation  is  cited 
in  Ladd  and  Gass  1999  as  “J.  Petick  [sic] 
pers.  comm.”)  Reported  responses  of  adult 
Golden-cheeked  Warblers  to  predators  have 
included  injury  feigning  displays,  wing  flut- 
tering, agitated  calling,  flying  away  into  the 
tree  canopy,  and  remaining  still  or  silent  for 
prolonged  periods  (Ladd  and  Gass  1999;  JP 
pers.  obs.).  The  warblers’  behavior  during  this 
predation  event  is  noteworthy  because  of  the 
repeated  delivery  of  food  to  the  depredated 
nest,  the  apparent  bouts  in  search  of  young, 
and  the  distraction  display  following  preda- 
tion. These  observations  indicate  that,  in  some 
cases,  parental  feeding  behavior  and  nest  de- 
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fense  can  continue  for  a short  time  after  brood 
loss. 

I I offer  two  possible  explanations  for  the  war- 
blers’ response  to  nest  predation.  First,  the  war- 
i biers’  reaction  may  have  been  due  to  a strong 
residual  parental  feeding  instinct  that  continued 
for  a short  time  after  nest  failure.  This  behavior 
is  not  uncommon  (Welty  and  Baptista  1988) 
and,  in  fact,  other  bird  species  have  been  ob- 
served feeding  the  young  of  other  broods  of  the 
same  or  different  species,  when  their  own  brood 
has  been  destroyed  (e.g..  Shy  1982,  Stafford 
1986).  Second,  since  the  warblers  did  not  appear 
to  detect  the  jay  near  the  nest  during  the  re- 
moval of  the  two  nestlings,  their  behavior  may 
have  been  an  attempt  to  locate,  feed,  and  defend 
young  that  could  have  fledged  from  the  nest 
I while  the  adults  were  absent.  The  nestlings  were 
about  4 days  away  from  fledging,  but  adult  war- 
1'  biers  may  not  be  able  to  accurately  predict  the 

I timing  of  this  event.  Instead,  adult  warblers  may 
begin  the  fledgling  phase  of  parental  care  when 
II  they  notice  that  the  nestlings  are  absent  from 
I the  nest,  even  if  this  absence  is  due  to  predation. 
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of  Red-tailed  Hawks 
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ABSTRACT — We  examined  age  differences  in 
wing  loading,  aspect  ratio,  wing  span,  and  tail  area  in 
a sample  of  1 17  Red-tailed  Hawks  (Buteo  jamaicensis) 
captured  at  the  Cedar  Grove  Ornithological  Station, 
Wisconsin,  during  1979-1987.  Adults  had  significant- 
ly wider  wings,  lower  aspect  ratios,  shorter  tails,  and 
smaller  tail  surface  areas  than  juveniles.  Red-tailed 
Hawks  showed  fewer  age  differences  in  aerodynamic 
characteristics  than  Sharp-shinned  Hawks  (Accipiter 
striatus),  probably  because  of  differences  between  the 
two  species  in  the  pursuit  and  capture  of  prey.  Sharp- 
shinned  Hawks  take  birds  from  above  ground  or  after 
a brief  chase,  often  in  dense  vegetation.  Sharp-shinned 
Hawks  require  more  aerial  agility  (ability  to  make  rap- 
id twists  and  turns)  than  is  necessary  for  Red-tailed 
Hawks,  which  capture  prey  on  the  ground,  usually  af- 
ter a glide  or  flight  from  an  elevated  perch.  Received 
7 July  2003,  accepted  6 August  2004. 


Wing  area,  wing  loading,  and  other  aero- 
dynamic characteristics  are  especially  impor- 
tant for  those  diurnal  birds  of  prey  that  spend 
considerable  time  on  the  wing  and  rely  on 
agility  in  flight  for  capturing  prey.  There  are 
few  data  on  aerodynamics  for  species  of  Fal- 
coniformes;  of  the  data  that  do  exist,  they  may 
include  only  a single  specimen,  and  often  age 
is  not  noted  (Mueller  et  al.  2002).  We  exam- 
ined age  differences  in  wing  loading  and  other 
aerodynamic  characteristics  of  Red-tailed 
Hawks  {Buteo  jamaicensis)  based  on  a sample 
of  117  wings  and  89  tails.  We  captured  the 
hawks  during  fall  migration  1979-1987  at  the 
Cedar  Grove  Ornithological  Station  (43°  33' 
N,  87°  21'  W)  on  the  western  shore  of  Lake 
Michigan  in  Sheboygan  County,  Wisconsin. 
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The  hawks  were  trapped  in  bow-nets  or  dho- 
gazzas  (Bub  1991). 

We  previously  explained  in  detail  (Mueller 
et  al.  1981)  the  methods  used  to  obtain  our 
data.  Briefly,  we  held  up  the  extended  wing 
(or  tail)  against  a vertical  sheet  of  Plexiglass 
ruled  into  5-cm  squares  and  photographed  it. 
Subsequently,  we  projected  each  negative  to 
one-half  life  size  on  a sheet  of  paper  and  drew 
an  outline  of  the  wing  and  the  adjacent  body 
(or  tail).  We  measured  the  area  of  each  draw- 
ing with  a compensating  polar  planimeter. 
Measurements  were  taken  as  in  Mueller  et  al. 
(2002):  wing  surface  area  is  the  area  of  both 
wings  plus  the  area  of  the  adjacent  body;  wing 
loading  is  mass  divided  by  wing  area;  flight 
surface  area  is  wing  surface  area  plus  tail  sur- 
face area;  flight  surface  loading  is  mass  divid- 
ed by  flight  surface  area;  wing  span  is  2X 
wing  length  plus  the  distance  across  the  ad- 
jacent body;  and  aspect  ratio  is  the  square  of 
the  wing  span  divided  by  wing  surface  area. 
Using  SYSTAT  for  Macintosh  (Wilkinson 
1989),  we  conducted  r-tests  for  all  compari- 
sons. 

Tail  surface  area  varies  greatly  with  how 
much  the  tail  is  spread.  We  used  the  following 
formula  to  estimate  tail  area,  using  only  angle 
of  spread  and  tail  length: 

Area  = (A/360)  (tt  B^  — tt  C^), 

where  A is  the  angle  formed  by  lines  drawn 
along  the  two  outer  rectrices  until  they  meet 
on  a drawing  made  from  a photograph  of  the 
tail,  B is  the  distance  from  the  apex  of  this 
angle  to  the  tip  of  the  longest  rectrix,  and  C 
is  B minus  the  tail  length  measured  on  the  live 
bird.  Regression  of  C on  A yields  C = 
-0.1  lA  + 16.64,  /?2  = 0.67,  P < 0.001.  The 
surface  area  thus  estimated  is  an  excellent  fit 
to  the  measured  area  (adults  = 0.85;  ju- 
veniles — 0.89;  both  P < 0.001). 

Juveniles  had  significantly  narrower  wings. 
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: higher  aspect  ratios,  and  longer  tails  than 
: adults  (Table  1).  The  angle  of  spread  of  the 
I photographed  tails  did  not  differ  between  ju- 
I veniles  and  adults,  and  at  an  angle  of  about 
65°  juveniles  had  significantly  greater  tail  sur- 
face areas  (12.8%)  than  adults.  The  difference 
in  tail  area  ranged  from  9.7%  in  a mostly  fold- 
ed tail  (spread  15°)  to  13.4%  in  a fully  fanned 
tail  (130°). 

There  were  no  significant  differences  be- 
i tween  juveniles  and  adults  in  mass,  wing  load- 
ing, or  flight  surface  loading  (wing  and  tail). 
However,  adults  had  greater  mass  than  juve- 
niles in  a larger  sample  taken  during  1963- 
1999  (r  = 8.64,  df  = 4,398,  P < 0.001).  Wing 
surface  areas  were  not  measured  in  the  1963- 
1999  sample,  but  age  differences  in  wing 
loading  might  exist. 

Adults  thus  had  shorter  tails,  lower  aspect 
I ratios,  and  wider  wings  than  juveniles.  The 
1 tail  of  a bird  serves  a vital  function  during 
landing,  when  it  is  spread  and  thrust  forward: 
it  deflects  air  downward  over  the  wings,  thus 
increasing  lift  and  preventing  a stall  (Penny- 
cuick  1985).  This  effect  would  be  particularly 
i useful  in  the  high  speed  “landing”  when  a 
, hawk  strikes  prey  on  the  ground.  The  larger 
I tails  of  juveniles  aid  these  inexperienced  birds 
1 in  striking  prey.  The  wider  wings  of  adults 


may  help  compensate  for  their  shorter  tails. 
The  higher  aspect  ratio  in  juveniles  makes 
them  more  efficient  in  soaring  flight  but  at  the 
expense  of  a loss  in  maneuverability,  which  is 
compensated  for  by  an  increase  in  tail  area. 

Red-tailed  Hawks  strike  their  prey  on  the 
ground,  usually  after  a glide  or  flight  from  an 
elevated  perch  (Preston  and  Beane  1993). 
Mammals  are  the  hawks’  most  common  prey; 
during  a predation  attempt,  the  maximum 
aerodynamic  constraints  a hawk  incurs  are 
probably  in  braking  just  before  the  prey  is 
struck.  Sharp-shinned  Hawks  (Accipiter  stria- 
tus)  show  more  age  differences  in  aerodynam- 
ic characteristics  than  Merlins  {Falco  colum- 
barius),  which  in  turn  show  more  differences 
than  Red-tailed  Hawks.  Sharp-shinned  Hawks 
capture  perched  birds,  often  in  dense  vegeta- 
tion, or  in  flight  after  a brief  chase  (Bildstein 
and  Meyer  2000).  Merlins  usually  capture 
birds  in  the  air,  often  after  a series  of  stoops 
at  a flight  speed  considerably  greater  than  that 
of  Sharp-shinned  Hawks  (Sodhi  et  al.  1993). 
The  tail  and  wings  are  used  to  deflect  the  air- 
stream  in  rapid  twists  and  turns.  The  force 
produced  by  such  a deflecting  surface  is  pro- 
portional to  the  area  of  the  surface  and  the 
square  of  the  airspeed.  A falcon  in  rapid  flight 
needs  less  deflecting  surface  than  a hawk  en- 


TABLE  1.  Wing  chord,  wing  loading,  and  other  characteristics  of  Red-tailed  Hawks  captured  during  fall 
migration  at  Cedar  Grove  Ornithological  Station,  Wisconsin,  1979-1987. 

Adults  (n  = 52)  Juveniles  (n  = 65) 


Mean 

SD 

Mean 

.SD 

t 

F' 

Wing  chord  (cm) 

38.2 

1.75 

38.4 

1.75 

0.78 

1.00 

Wing  length  (cm) 

54.2 

2.86 

54.8 

3.07 

1.07 

1.00 

Wing  width  (cm) 

19.4 

1.06 

18.7 

0.96 

3.31 

0.01 

Wing  span  (cm)^ 

122.0 

5.75 

122.5 

6.44 

0.42 

1 .00 

Aspect  ratio'-' 

6.31 

0.34 

6.54 

0.30 

3.95 

0.001 

Wing  surface  area  (cm^)'* 

2364. 1 

212.9 

2298.8 

214.5 

1.04 

1.00 

Mass  (g) 

1083.8 

152.8 

1064.5 

162.4 

0.(i6 

1.00 

Wing  loading  (g/cmb*" 

0.458 

0.049 

0.462 

0.049 

0.44 

1.00 

Tail  length  (cm) 

21.1 

0.96 

22.7 

1.01 

7.30 

0.001 

Tail  angle  (degrees)' 

66.8 

12.22 

63.4 

18.82 

0.74 

1.00 

Tail  surface  area  (cm^)» 

440.4 

59.66 

496.6 

85.83 

3.49 

0.001 

Flight  surface  area  (cmb^ 

2804.5 

212.93 

2795.4 

214.98 

0.23 

1.00 

Flight  surface  loading  (g/cm*)' 

0.386 

0.041 

0.380 

0.042 

0.79 

1.00 

•*  Bonferroni  corrected  prohabilities. 

^ 2X  wing  length  plus  the  ilislance  across  the  adiacent  body. 

Wing  span^/wing  surface  area. 

^ Area  of  both  wings,  plus  the  area  of  the  ad)acent  body 
^ Mass  divided  by  wing  area 

' Angle  of  spread  of  the  tail.  The  sample  size  for  tail  measurements  is  adults  and  SO  juveniles 
^ Tail  surface  area  at  65  angle  of  spread 
Wing  surface  area  plus  tail  surface  area 
' Mass  divided  by  Might  surface  area 
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gaged  in  slower  twists  and  turns.  Compared 
with  Sharp-shinned  Hawks  and  Merlins,  the 
minimal  age-related  differences  in  control  sur- 
faces of  Red-tailed  Hawks  may  result  from  a 
reduced  need  for  them.  The  variation  between 
species  in  age  differences  in  aerodynamic 
characteristics  is  attributable  to  differences  in 
hunting  methods. 
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Breeding  Ecology  and  Nesting  Success  of  Abbott’s  Babbler 
(Malacocincla  abbotti) 


Andrew  J.  Pierce,*’^  Korakoch  Pobprasert,^  and  George  A.  Gale' 


ABSTRACT — Baseline  demographic  data  are  lack- 
ing for  most  tropical  forest  birds,  particularly  from  un- 
disturbed habitats.  During  the  2003  breeding  season, 
we  documented  the  productivity  of  Abbott’s  Babbler 
{Malacocincla  abbotti),  a sedentary  insectivorous  pas- 
serine, on  a 30-ha  permanent  forest  plot  in  northeastern 
Thailand.  We  found  17  active  nests  of  13  breeding 
pairs,  for  which  the  Mayfield  estimate  for  overall  nest- 
ing success  was  0.36  ±0.13  SE.  Breeding  started  in 
mid-January,  a month  earlier  than  previously  recorded. 

I Despite  a relatively  long  period  of  post-fledging  pa- 
i rental  care,  at  least  five  pairs  were  double-brooded. 
|i  Received  3 February  2004,  accepted  11  August  2004. 


The  breeding  ecology  and  nesting  success 
of  many  tropical  birds  is  generally  unknown 
(Robinson  et  al.  2000,  Stutchbury  and  Morton 
2001).  In  Asia,  documentation,  if  any,  often 
I only  describes  the  first  known  nesting,  or  un- 
usual  nesting  behavior.  Detailed  demographic 
I information  on  tropical  birds  from  relatively 
li  undisturbed  forest  is  essential  for  elucidating 
I questions  related  to  the  evolution  of  life  his- 
; tory  characteristics,  such  as  clutch  size,  num- 
I ber  of  broods,  and  nest  success  (Robinson  et 
I al.  2000),  while  at  the  same  time  serving  as 
; baseline  data  for  assessing  how  species  may 
respond  to  the  rapid  deforestation  in  the  re- 
I gion  (Lambert  and  Collar  2002,  Food  and  Ag- 
riculture Organization  of  the  United  Nations 
! 2003).  We  present  information  on  the  breed- 
I ing  ecology  of  Abbott’s  Babbler  (Malacocin- 
I cla  abbotti),  collected  during  an  intensive 
f study  of  forest  birds  in  northeastern  Thailand. 

The  Abbott’s  Babbler  is  a small,  sedentary 
I passerine  that  ranges  from  Nepal  and  north- 
I east  India  through  south-east  Asia  to  Sumatra 

I and  Borneo.  In  Thailand,  it  is  fairly  common 

I 

I 
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in  the  understory  of  broad-leaved  evergreen 
forest  and  secondary  growth  up  to  915  m in 
elevation  (Robson  2000).  Abbott’s  Babbler  is 
socially  monogamous  with  monotypic  plum- 
age. Males  are  larger  than  females  (flattened 
wing  chord:  75.3  mm  ± 1.24  SE,  n = 21,  and 
72.8  mm  ± 0.80  SE,  n = 14,  respectively; 
AJP  unpubl.  data). 

METHODS 

Data  were  collected  from  January  to  June 
2003  on  the  30-ha  Mo-singto  permanent  forest 
plot,  Khao  Yai  National  Park,  Nakhon  Nayok 
Province  (14°  26'  N,  101°  22'  E).  The  plot  was 
situated  in  mature,  seasonally-wet  evergreen 
forest  at  723-817  m in  elevation  (Brockelman 
1998).  The  vegetation  was  undisturbed  except 
for  a 20  X 120  m strip  of  approximately  40- 
year-old  secondary  forest  at  the  northern  edge 
of  the  plot.  The  average  annual  rainfall  is 
2,326  mm,  most  of  which  falls  between  May 
and  October  (Kitamura  et  al.  2002). 

We  conducted  intensive  searches  to  locate 
nests  and  breeding  pairs  of  Abbott’s  Babblers. 
Nest  contents  were  checked  every  2-5  days  to 
estimate  laying,  hatching,  and  fledging  dates. 
We  caught  adult  birds  in  mist  nets  using  song 
playback  or  by  placing  nets  near  nests  after 
eggs  had  hatched.  Nestlings  were  banded  6-8 
days  after  hatching.  We  banded  all  birds  with 
one  aluminum,  Thai  Royal  Forest  Depart- 
ment-numbered band  and  2-3  color  bands  to 
allow  individual  recognition  in  the  field.  We 
calculated  nesting  success  (incubation  and 
nestling  periods)  following  Mayfield  (1961); 
standard  errors  were  calculated  following 
Hensler  (1985). 

Ri:SlJITS  AND  DISCTISSION 

We  found  13  pairs  of  Abbott's  Babblers 
nesting  on  the  plot;  of  those,  21  individuals 
were  banded.  At  least  tuie  member  of  each 
pair  was  banded  such  that  each  nest  could  be 
assigned  to  a known  pair.  The  banded  male  of 
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TABLE  1.  Mayfield  estimates  for  nest  success  of 
Abbott’s  Babbler  at  Khao  Yai  National  Park  in  north- 
eastern Thailand,  January-June  2003.  Exposure  days 
were  terminated  at  the  mid-points  between  the  last  ob- 
served active  and  the  first  observed  inactive  dates 
(Mayfield  1961).  All  nests  in  the  calculations  were  of 
known  outcome. 


Incubation  Nestling 

period  period  Total 

(/!  = 10  nests)  (n  = 12  nests)  («  = 17  nests) 


Duration  in  days 

17.75^ 

1 D 

28.75 

Failed  nests 

1 

7 

8 

Exposure  days 

98 

96 

194 

Daily  nest  survival 

0.990 

0.927 

0.966 

Nest  success‘s 

0.834 

0.435 

0.362 

Standard  erroU 

0.152 

0.137 

0.133 

^ n = 6 nests,  starting 

from  first  egg 

date  following 

Robinson  et  al. 

(2000). 

^ M = 4 nests. 

Expected  nest  success  based  on  daily  survival  rate. 

Calculated  following  Hensler  (1985). 

one  pair  (iisappeareci  after  a failed  nesting  at- 
tempt and  was  replaced  by  an  unbanded  bird 
that  did  not  breed.  All  other  banded  individ- 
uals remained  paired  in  their  territories 
throughout  the  study. 

We  found  17  active  nests  (8  first  nests  and 
9 renests)  of  6 pairs.  The  renests  represented 
a range  of  1-3  additional  attempts.  Fifteen 
nests  were  in  rattan  palms  {Calamus  spp.)  and 
two  were  in  small  unidentified  saplings  (KP 
unpubl.  data).  We  found  nests  from  early  Feb- 
ruary to  late  May,  with  young  fledging  from 
the  last  nest  on  12  June.  Two  pairs  with 
fledged  young  on  8 and  9 February,  respec- 
tively, indicated  that  egg-laying  began  in  mid- 
January.  This  extends  by  1 month  the  previous 
estimated  start  date  of  the  nesting  cycle  (Rob- 
son 2000).  Clutch  or  brood  size  was  three  in 
all  but  one  nest,  which  was  found  with  two 
nestlings  about  8 days  old. 

One  egg  was  laid  per  day  and  incubation 
(female  only)  started  the  day  after  the  clutch 
was  complete.  Of  28  eggs  monitored,  only  1 
failed  to  hatch.  Ten  successful  nests  fledged 
29  chicks.  The  incubation  period  was  14-15 
days  (mean  = 14.75,  n = 6)  and  nestlings 
fledged  10-12  days  after  hatching  (mean  = 
1 1,  /7  = 4).  The  Mayfield  estimate  for  overall 
nest  survival  was  0.36  ± 0.13  SE  (Table  1). 
Nest  predation,  and  not  desertion,  appeared  to 
be  the  main  cause  of  nest  failure;  when  it  oc- 
curred, all  contents  of  the  nest  were  depredat- 
ed. Although  we  had  no  direct  observations  of 


predation  events,  potential  predators  could 
have  included  a variety  of  other  bird  species, 
squirrels,  snakes  and  pig-tailed  macaques 
{Macaca  nemestrina). 

Because  the  adults  were  uniquely  color- 
banded,  we  were  able  to  document  that  at  least 
five  pairs  (38%)  were  double-brooded — i.e., 
initiated  a second  nest  after  having  already 
fledged  young  from  a previous  nest,  following 
the  definition  of  Ogden  and  Stutchbury 
(1996).  For  two  of  these  pairs,  at  least  part  of 
their  first  brood  was  observed  alive,  and  still 
dependent  on  the  male,  when  the  second  nest 
was  started.  Eggs  in  both  second  nests  hatched 
and  the  females  attempted  to  raise  their  sec- 
ond broods  alone;  however,  both  nests  failed 
due  to  predation.  The  first  eggs  of  these  two 
second  broods  were  laid  49  and  64  days  after 
first  broods  fledged.  In  a third  pair,  the  second 
nesting  attempt  was  initiated  46  days  after  the 
first  brood  fledged  and  10  days  after  the 
fledged  young  were  last  known  to  be  alive.  In 
the  remaining  two  pairs,  first-brood  fledglings 
disappeared  within  2 weeks  of  fledging  and 
presumably  died  prior  to  the  second  nesting 
attempts. 

Our  study  represents  one  of  the  few  detailed 
studies  of  the  breeding  biology  of  a Southeast 
Asian  forest  bird.  Fogden’s  (1972)  ground- 
breaking and  widely  cited  study  conducted  in 
Sarawak,  Malaysia,  suggests  that  species  that 
provide  extensive  post-fledging  parental  care 
(>10  weeks)  do  not  have  sufficient  time  for 
double-brooding  during  a normal  breeding 
season.  Our  data  suggest  that  Abbott’s  Bab- 
blers regularly  care  for  young  for  7-9  weeks 
or  more  after  fledging,  and  yet  are  still  able 
to  double-brood — enabling  them  to  potentially 
increase  reproductive  output  (Holmes  et  al. 
1992,  Ogden  and  Stutchbury  1996). 
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First  Nest  Description  for  the  Ocellated  Antbird 
(Phaenostictus  mcleannani) 

Deborah  M.  Buehler,'  Alberto  I.  Castillo,'  and  Jeffrey  D.  Brawn^'' 


ABSTRACT. — We  present  the  first  description  of  a 
nest  of  the  Ocellated  Antbird  {Phaenostictus  mclean- 
nani), an  understory  species  that  ranges  from  south- 
eastern Honduras  to  northwestern  Ecuador.  The  open- 
cup  nest  was  found  in  June  2002,  in  the  Republic  of 
Panama,  and  was  located  on  the  leaf  litter  between  the 
buttresses  of  a Virola  surinamensis  tree.  The  nest  con- 
tained two  ovoid,  whitish  eggs  with  reddish-brown 
speckles  and  longitudinal  streaks.  Received  20  January 
2004,  accepted  3 August  2004. 


The  Ocellated  Antbird  (Phaenostictus 
mcleannani)  is  a “professional"  army  ant  fol- 
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lower  (sensu  Willis  1973)  that  ranges  from 
southeastern  Honduras  to  northwestern  Ecua- 
dor (Ridgely  and  Gwynne  1989,  Zimmer  and 
Isler  2003).  In  the  Republic  of  Panama,  the 
Ocellated  Antbird  is  widespread  throughout 
the  undergrowth  of  lowland  humid  forests  and 
has  been  recorded  at  elevations  of  up  to  900 
m (Ridgely  and  Gwynne  1989).  Ocellated 
Antbirds,  along  with  Bicolored  Antbirds 
(Gyninopit/iys  lencaspis)  and  Spotted  Antbirds 
{Hylophyla.x  naevioides  naevioides),  form  the 
core  of  ant-following  assemblages  in  central 
Panama  (Willis  1973).  The  Ocellated  Antbird 
is  the  least  common  of  the  three  species,  is 
relatively  secretive,  and  is  rarely  observed 
away  from  swarms  of  army  ants  (Willis  1973). 
fhe  natural  history  of  this  group  is  of  interest 
due  to  its  notable  vulnerability  to  habitat  frag- 
mentation and  isolation;  for  example,  the  Oc- 
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ellated  Antbird  became  extirpated  from  Barro 
Colorado  Island  in  the  1970s  (Karr  1982, 
Robinson  1999).  Despite  intensive  studies  of 
their  ecology  and  behavior  (Willis  1973),  no 
confirmed  observations  of  Ocellated  Antbird 
nests  have  been  previously  reported.  Here,  we 
present  what  we  believe  is  the  first  description 
of  this  species’  nest. 

We  studied  the  reproductive  ecology  of 
birds  on  a 104-ha  study  area  (see  Robinson  et 
al.  2000  for  a full  description  of  the  study 
area)  in  the  lowland  forests  of  Soberania  Na- 
tional Park  in  the  Republic  of  Panama  (9°  10' 
N,  79°  45'  W).  On  26  June  2000,  while  check- 
ing the  buttresses  of  a medium  sized  Virola 
siirinamensis  tree  (Family  Myristicaceae;  ~20 
m high,  0.80  m diameter  at  base  of  buttresses, 
and  0.25  m diameter  at  breast  height),  AIC 
flushed  an  adult  Ocellated  Antbird  and  dis- 
covered a cup  nest  built  amid  the  leaf  litter  on 
the  ground  between  two  of  the  tree’s  buttress- 
es. The  nest  tree  was  located  in  forest  60-120 
years  old  (Robinson  et  al.  2000). 

We  revisited  the  nest  site  on  27  June  and 
measured  the  nest  and  eggs.  The  nest  was  set 
on  the  ground  litter  and  was  attached  at  the 
rim  to  the  tree  buttresses  with  fungal  rhizo- 
morphs  {Marasmius  spp.).  The  nest  itself  was 
a tightly  knit  cup  made  from  fine  fungal  rhi- 
zomorphs  and  dried  leaves.  We  did  not  ob- 
serve additional  lining  material.  The  interior 
of  the  cup  measured  85  mm  in  width  and  40 
mm  in  depth.  The  eggs  were  ovoid  and  whit- 
ish, speckled  with  reddish-brown  spots  and 
longitudinal  streaks,  much  like  Bicolored  Ant- 
bird eggs  (Stiles  and  Skutch  1989).  The  eggs 
weighed  5.0  and  4.9  g and  both  measured  27 
mm  in  length  and  20  mm  in  width  at  the  wid- 
est point. 

We  revisited  the  nest  every  3 days.  The  nest 
contained  two  eggs  on  30  June,  and  on  3 July, 
we  observed  two  naked  hatchlings;  their  eyes 
were  closed.  By  6 July,  the  hatchlings  had 
feather  sheaths,  and  by  9 July,  they  were 
downy  and  their  eyes  had  opened.  On  15  and 
16  July,  the  nest  was  intact  but  empty.  Al- 
though we  did  not  directly  observe  whether 
the  nestlings  fledged  successfully  or  were  dep- 
redated, a nestling  period  of  approximately  12 
days  is  common  for  open-cup-nesting  antbirds 
(Willis  1972,  Stiles  and  Skutch  1989). 

The  nest  we  observed  was  similar  to  de- 
scriptions of  putative  Ocellated  Antbird  nests 


presented  by  Willis  (1973)  and  Zimmer  and 
Isler  (2003).  We  believe  that  our  observations 
confirm  the  Willis  (1973)  and  Zimmer  and  Is- 
ler (2003)  nests  as  those  of  the  Ocellated  Ant- 
bird. 

Most  other  species  in  the  families  Tham- 
nophilidae  and  Formicariidae  attach  their 
open-cup  nests  to  horizontal  forks  of  shrubs 
or  trees  (antshrikes,  antvireos,  some  antwrens 
and  antbirds),  or  build  in  a hollow  or  cavity 
(some  antbirds  and  antthrushes).  The  Ocellat- 
ed Antbird’s  placement  of  a cup  nest  on  the 
ground  between  tree  buttresses  makes  it  some- 
what unique  in  these  families  (Stiles  and 
Skutch  1989,  Cadena  et  al.  2000).  Species  in 
the  ecologically  similar  genus,  Phlegopsis, 
place  their  nests  inside  hollow  tree  stumps 
(Cadena  et  al.  2000).  A two-egg  clutch  is  stan- 
dard for  open-cup  nesters  in  the  humid  tropics 
(Skutch  1985). 
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WHOSE  BIRD?:  COMMON  BIRD 

NAMES  AND  THE  PEOPLE  THEY  COM- 
MEMORATE. By  Bo  Beolens  and  Michael 
Watkins.  Yale  University  Press,  New  Haven, 
Connecticut.  2004:  378  + 22  pp.  in-text  illus- 
trations. ISBN:  030010359X.  $35.00  (pa- 
per).— The  history  of  ornithology,  probably 
more  than  that  of  any  other  science,  is  rich  in 
a spectacular  cast  of  extraordinary  characters: 
rogues,  saints,  soldiers,  sailors,  adventurers, 
misfits,  scientists,  aristocrats  and  hoi  polloi, 
liars  and  frauds,  priests  and  missionaries.  This 
is  hardly  surprising,  considering  that  the 
search  for  new  bird  species  involved  travel  to 
places  where  there  was  a better-than-average 
chance  of  being  eaten  (by  everything  from  a 
crocodile  to  a cannibal),  shot,  speared, 
drowned,  frozen,  or  otherwise  dispatched  to  a 
better  world  by  encountering  any  one  of  a va- 
riety of  unpleasant  tropical  diseases  or  large, 
antisocial  wild  animals.  Many  of  these  re- 
markable and  frequently  outright  eccentric  in- 
dividuals attained  ornithological  immortality 
by  having  species  named  after  them.  Whose 
Bird?  is  a compendium  of  “the  people  behind 
the  bird  names.” 

The  book  starts  with  an  entertaining  and  in- 
fomiative  introduction  that  includes  the  nuts- 
and-bolts  of  how  the  text  is  organized.  That 
quickly  leads  to  a dryly  hilarious  section  en- 
titled, How  to  Get  a Bird  Natned  After  You, 
subsections  of  which  include  Discovery,  Iden- 
tity, Other  Paths  to  Glory',  Forgery  and  Theft 
(regrettably  frequent),  and  Backscratching 
(with  useful  hints).  In  Identity,  the  author 
swiftly  reaches  the  conclusion  that  those  with 
the  best  chance  of  eponymous  immortality 
were  typically  moneyed,  Victorian,  and  west- 
ern (later  in  the  text,  a table  of  ‘Olympian’ 
nationalities  shows  the  British  winning  the 
gold,  the  United  States  the  silver,  and  the 
French  the  bronze).  Other  Paths  to  Glory  sug- 
gests that,  if  you  can’t  discover  a new  species 
by  groveling  through  dense  tropical  forest  in 
person,  you  can  pay  somebody  else  to  do  it; 
or  even  better,  have  a royal  heritage.  Queen 
Victoria  probably  had  no  interest  whatsoever 


in  any  birds  that  weren’t  on  the  plate  in  front 
of  her,  but  she  still  “owns”  three  species. 

The  bulk  of  the  book  (361  pages  to  be  exact) 
is  given  over  to  an  alphabetical  list  of  names 
associated  with  bird  taxa — not  only  species, 
but  often  races  as  well,  following  the  now-de- 
funct custom  of  giving  full  English  names  to 
subspecies.  Each  entry  gives  details  of  the  life 
and  history  of  the  “name,”  frequently  the  cir- 
cumstances of  the  species’  discovery,  and  all 
sorts  of  other  facts — often  comic,  curious,  bi- 
zarre, admirable,  or  deplorable.  This  section  is 
a treasure-trove  of  trivia  guaranteed  to  keep  the 
reader  anticipating  the  next  entry.  For  example, 
did  you  know  that  Xantus  (of  the  murrelet  and 
hummingbird)  was  a pathological  liar  who 
built  a great  reputation  among  the  folks  back 
home  in  Hungary  by  wildly  exaggerating  his 
adventures  in  the  Wild  West,  including  (though 
he  never  served  in  the  U.S.  Navy)  having  him- 
self photographed  in  the  uniform  of  a U.S.  na- 
val captain?  That  Emin  Bey  (of  the  sparrow, 
shrike,  and  weaver)  was  beheaded  by  African 
slave-traders?  That  Richard  Bowdler  Sharpe 
(of  too  many  species  to  mention)  had  a family 
of  10  daughters?  Or  that  Sir  Harry  Johnston 
(of  the  turaco)  spoke  30  African  and  several 
European  languages? 

One  pleasing  feature  of  the  book  is  the  in- 
clusion of  many  portraits  or  photographs  of  the 
“names,”  many  of  whom  were  impressively 
hirsute  individuals  glaring  at  the  camera 
through  an  impenetrable  thatch  of  beard  and 
moustache  while  clutching  some  fearsome 
bird-dispatching  piece  of  weaponry.  An  excep- 
tion was  Pere  David,  who  is  unarmed,  benev- 
olent-looking (as  befits  a Man  of  God),  and  in 
Chinese  costume.  Also  scattered  in  among  the 
biographies  are  miscellaneous  treatments  on 
the  fates  and  backgrounds  of  many  “names,” 
including  the  following:  Murder  (at  least  seven 
ornithological  victims);  Shot  (no  less  than  five, 
most  of  them  by  careless  handling  of  muzzle- 
loading firearms);  Elephant's  Revenge  (at  least 
three  met  their  Maker  at  the  hands,  or  rather, 
feet,  of  irate  pachyderms);  Watery  Graves  (no 
less  than  three);  East  India  Company;  Minis- 


280 


ORNITHOLOGICAL  LITERATURE 


281 


j ters,  Missionaries  and  Monks;  and  Charlatans 
t and  Cheats  (not  as  rare  as  you’d  think). 

Is  it  possible  to  criticize  this  book?  There 
are  a few  omissions.  For  example,  three  of  the 
four  subspecies  of  wrens  named  after  Philip 
i Sclater  were  omitted,  as  were  three  other  sub- 
j species  of  wrens — Branicki’s,  Bangs’,  and  Ca- 
j bot’s.  A study  of  C.  E.  Hellmayr’s  Birds  of  the 
Americas  would  undoubtedly  turn  up  others. 

I If  we  want  to  be  really  picky,  the  year  in 
i which  Queen  Victoria  became  Empress  of  In- 
I dia  is  incorrect  (in  reality  it  was  not  until 
1876)  and  the  authors  also  indicate  that  Gil- 
■ bert  White’s  village  was  Selbourne  (but  it  was 
Selborne).  Minor  criticisms  aside.  Whose 
\ Bird?  is  such  an  entertaining  book  that  one  is 
: left  with  a feeling  of  regret  that  it  is  not  longer 
! and  does  not  provide  more  detail  and  portraits. 

I For  example,  Sr.  Fermm  Cervera  was  de- 
scribed by  Barbour  [the  naming  authority  for 
Zapata  Wren  (Ferminia  cerverai)]  as  a 
“somewhat  peculiar  person  in  several  re- 
spects.’’ One  would  love  to  know  how  these 
j peculiarities  manifested  themselves!  It  is  also 
I a source  of  some  regret  to  this  particular  re- 
j viewer  that  Elliot  Coues’  character  assessment 
I of  Dr.  Thomas  Brewer  (of  the  sparrow  and 
I blackbird)  as  a “cantankerous  old  ass’’  didn’t 
I quite  make  it  in!  Brewer,  incidentally,  was  one 
I of  the  few  ornithologists  of  his  time  who  sup- 
ported the  introduction  of  the  House  Sparrow 
{Passer  domesticus)  into  North  America. 

The  compilation  of  this  book,  the  authors 
themselves  admit,  “started  off  as  a bit  of 
' fun.’’  It  has  resulted  in  a book  that  most  cer- 
I tainly  is  fun  to  read,  and  if  you  are  looking 
I for  a Christmas  present  for  someone,  look  no 
! further.  The  book,  however,  is  also  a serious 
i and  signihcant  addition  to  the  ornithological 
j literature  and  should  be  recommended  to  any- 
I one  with  an  interest  in  the  colorful  history  of 
I Held  ornithology.— DAVID  BREWER,  Pus- 
I linch,  Ontario,  Canada;  e-mail: 
j mbrewer@albedo.net 


OKl.AHOMA  BREEDING  BIRD  ATLAS. 
Edited  by  Dan  L.  Reinking,  lifiivcrsity  of 
Oklahoma  F^ress,  Norman,  Oklahoma.  2004: 
528  pp.,  222  color  illustrations,  2.^0  color 
maps.  ISBN:  0806136146.  $.34.95  (paper). 
The  first  North  American  breeding  bird  atlases 


were  initiated  during  the  1970s.  With  atlases 
completed  or  ongoing  in  more  than  40  U.S. 
states  and  most  Canadian  provinces,  these 
projects  are  now  familiar  to  professional  or- 
nithologists and  amateur  birders.  This  book 
provides  the  results  of  the  Oklahoma  Breeding 
Bird  Atlas,  the  data  for  which  were  collected 
during  1997-2001.  Its  appearance  less  than  3 
years  after  completing  fieldwork  is  remarkable 
and  everyone  associated  with  its  timely  pub- 
lication should  be  congratulated  for  their  ef- 
forts. 

This  atlas  provides  the  first  comprehensive 
summary  of  Oklahoma  breeding  bird  distri- 
bution since  George  M.  Sutton’s  Oklahoma 
Birds  was  published  in  1967.  Its  format  is 
similar  to  that  of  other  published  atlases.  The 
8-page  introduction  describes  the  Oklahoma 
atlas,  summarizes  its  coverage  and  limitations, 
provides  a brief  overview  of  results,  and  lays 
the  foundation  for  the  species  accounts.  The 
second  chapter  provides  a 5-page  summary  of 
the  major  vegetative  communities  in 
Oklahoma  and  briefly  discusses  the  climato- 
logical and  geological  factors  influencing  the 
distribution  of  vegetation  and  birds.  The  re- 
maining text  is  largely  devoted  to  accounts  of 
the  212  species  detected  during  the  atlas  pro- 
ject. Each  species  account  has  a standardized, 
2-page  layout,  including  an  introductory  par- 
agraph, a brief  description  of  the  species,  and 
summaries  of  its  breeding  habitats  occupied  in 
Oklahoma,  nesting  ecology,  rangewide  distri- 
bution, historic  and  current  status  in 
Oklahoma,  population  trends  from  the  North 
American  Breeding  Bird  Survey,  and  refer- 
ences. An  attractive  color  photograph  of  the 
species  accompanies  each  account,  and  a color 
map  depicts  the  distribution  of  the  species'  at- 
las records.  These  maps  are  fairly  small,  but 
the  color  scheme  effectively  presents  the  dis- 
tributional data  (assuming  the  reader  is  not 
red-green  color  blind).  The  appendices  in- 
clude brief  descriptions  of  the  status  of  ex- 
tinct, extirpated,  irregular,  and  potential  breed- 
ing species  not  treated  in  the  species  accounts, 
and  provide  examples  of  field  data  forms.  A 
36-page  bibliography  supports  the  cited  liter- 
ature. 

Oklahoma  is  a large  state  with  a birding 
community  concentrated  near  the  few  large 
cities,  llefice,  atlas  organizers  emphasized 
thorough  eoverage  of  a smaller  number  of  pri- 
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ority  blocks  rather  than  spreading  efforts  thin- 
ly over  more  blocks.  Only  one  priority  block 
in  every  two  7.5-minute  USGS  topographic 
quads  was  covered  for  this  atlas.  This  decision 
did  not  affect  distribution  patterns  of  wide- 
spread species  but  allowed  only  fragmentary 
coverage  for  rare  or  locally  distributed  spe- 
cies. Data  from  other  sources  were  used  to  fill 
the  gaps  for  species  not  well-represented  by 
the  atlas  coverage.  Limiting  distribution  dis- 
cussions to  single  paragraphs  on  historic  and 
current  status  did  not  allow  for  detailed  sum- 
maries of  this  information.  While  these  para- 
graphs tend  to  be  fairly  brief,  generally  they 
successfully  convey  current  status  and  historic 
changes  in  distribution.  Unfortunately,  this 
publication  did  not  take  advantage  of  breeding 
bird  atlas  data  from  surrounding  states  to  pro- 
vide a broader  geographic  context  for  recent 
distributional  changes  detected  in  Oklahoma. 

The  Oklahoma  Breeding  Bird  Atlas  is  a 
well-produced  book  that  reflects  very  favor- 
ably upon  everyone  who  collected  data,  con- 
tributed to  the  species  accounts,  and  coordi- 
nated the  project.  This  atlas  will  undoubtedly 
become  the  benchmark  against  which  future 
changes  in  Oklahoma  breeding  birds  are  mea- 
sured. Anyone  with  an  interest  in  the  avifauna 
of  this  state  or  the  Great  Plains  region  should 
obtain  a copy.— BRUCE  G.  PETERJOHN, 
USGS  Patuxent  Wildlife  Research  Center, 
Laurel,  Maryland;  e-mail: 
Bruee_Peterjohn@usgs.gov 


LIEE  ON  MATAGORDA  ISLAND.  By 
Wayne  H.  McAlister,  illustrated  by  Martha  K. 
McAlister.  Texas  A&M  University  Press,  Col- 
lege Station,  Texas.  2004:  244  pp.,  10  chap- 
ters, 50  hand  drawn  illustrations,  1 map. 
ISBN:  1585443379  / 1585443387.  $35.00 
(cloth),  $17.95  (paper). — Situated  along  the 
central  Texas  coast,  Matagorda  Island  is  one 
of  two  very  lightly  developed  barrier  islands 
in  Texas.  The  island  is  about  64  km  in  length 
and  provides  significant  wetland  resources,  in- 
cluding habitat  for  its  most  well-known  oc- 
cupant, the  Whooping  Crane  (Grus  anieri- 
cana). 

The  book  is  a narration  of  many  observa- 
tions made  by  the  author  when  employed  as 
a naturalist  on  Matagorda  Island  National 


Wildlife  Refuge.  Most  observations  pertain  to 
living  on  a remote  barrier  island  and  the  daily 
activities  of  numerous  invertebrate  and  lower 
vertebrate  species  that  inhabit  the  island’s  var- 
ied habitats.  Some  of  the  species  discussed  are 
coquina  (Donax  variahilis),  mole  crab  (Emer- 
ita  portoricensis),  tiger  beetle  (Cicindela  dor- 
salis), ghost  crab  (Ocypode  quadrata),  bur- 
rowing sea  cucumber  (Leptosynapta  inhaer- 
ens),  striped  mullet  (Mugil  cephalus),  mud 
fiddler  crab  {Uca  pugnax),  mosquito  (Aedes 
spp.  and  Psorophora  spp.),  valentine  ant  {Cre- 
matogaster  lineolata),  amphioxus  (Branchi- 
ostoma  carihaeum),  great  land  crab  (Cardi- 
soma  guanhumi),  gooseneck  barnacle  (Lepas 
anatifera),  and  rainbow  dung  beetle  (Phan- 
aeus  dijformis).  I recommend  that  students 
and  researchers  read  this  book  prior  to  visiting 
a barrier  island. — BRENT  ORTEGO,  Texas 
Parks  and  Wildlife  Department,  Victoria,  Tex- 
as; e-mail:  Brent. Ortego@tpwd. state. tx. us 


THE  SIBLEY  FIELD  GUIDE  TO  BIRDS 
OF  EASTERN  NORTH  AMERICA.  By  Da- 
vid A.  Sibley.  Alfred  A.  Knopf,  New  York. 
2003:  433  pp.,  numerous  color  illustrations 
and  range  maps.  ISBN:  067945 120X.  $19.95 
(paper);  and  THE  SIBLEY  FIELD  GUIDE 
TO  BIRDS  OF  WESTERN  NORTH  AMER- 
ICA. By  David  A.  Sibley.  Alfred  A.  Knopf, 
New  York.  2003:  473  pp.,  numerous  color 
illustrations  and  range  maps.  ISBN: 
0679451218.  $19.95  (paper).— With  this  pair 
of  books,  Sibley  has  answered  the  critics  of 
The  Sibley  Guide  to  Birds  (2000,  Alfred  A. 
Knopf,  New  York)  who  liked  the  illustrations 
and  text  but  disliked  the  book’s  size.  In  his 
preface,  Sibley  indicates  that  his  decisions 
about  the  content  in  each  of  these  volumes 
reflected  the  need  to  keep  these  volumes  “ac- 
curate and  complete  while  also  portable  and 
easy-to-use.’’  The  size  of  these  books  (12  X 
19.5  cm),  addresses  the  issue  of  portability 
quite  well.  As  with  his  earlier  guide,  the  il- 
lustrations are  outstanding.  His  illustrations  of 
birds  performing  a variety  of  behaviors  are 
particularly  useful  because  posture  and  behav- 
ior can  be  as  important  to  identification  of 
many  species  as  field  marks. 

These  two  volumes  are  not  simply  The  Sib- 
ley Guide  to  Birds  in  two  halves;  rather,  they 
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are  two  field  guides  that  may  meet  the  needs 
of  birders  of  various  levels  of  experience  over 
a wide  geographic  range.  The  eastern  guide 
covers  species  that  are  found  in  states  and 
provinces  east  of  the  Rocky  Mountains  and 
the  western  guide  covers  species  that  are 
found  west  of  the  Rocky  Mountains.  Despite 
the  designation  of  eastern  and  western  re- 
gions, each  guide  covers  a large  percentage  of 
North  American  birds — 650  species  in  the 
eastern  guide  and  703  species  in  the  western 
guide.  In  addition  to  coverage  of  indigenous 
species,  a number  of  exotic  species — includ- 
ing waterfowl,  game  birds,  parrots,  and  finch- 
es— receive  treatment  in  these  guides. 

The  guides  are  easy  to  use,  with  species 
accounts  that  provide  multiple  images  of  most 
I species,  including  profiles  of  birds  perched 
and  in  flight.  Illustrations  show  age-related, 
sexual,  seasonal,  and/or  geographic  variations 
in  plumage  and  are  accompanied  by  lines  of 
text  that  point  out  features  that  may  be  im- 
portant in  identification.  Each  account  also  in- 
cludes a brief  description  of  general  abun- 
dance, habitat,  social  behavior,  feeding  habits, 
distinguishing  markings  and/or  behaviors,  and 
vocalizations.  Species’  range  maps  include 
summer,  winter,  and  year-round  distributions, 
as  well  as  areas  where  birds  cire  regularly  seen 
during  migration  or  dispersal.  The  maps  also 
indicate  where  a species  has  been  seen  on  rare 
occasions.  I was  pleased  that  the  range  maps 
in  both  field  guides  encompass  a given  spe- 
cies’ entire  North  American  range  (excluding 
southern  Mexico),  which  will  allow  most  bird- 
ers to  travel  with  only  one  of  the  two  volumes. 

As  in  The  Sihley  Guide  to  Birds,  the  eastern 
and  western  guides  include  overviews  of  most 
taxonomic  groups.  Sibley  also  provides  com- 
parisons of  easily  confused  groups  or  species, 
i These  treatments,  for  both  individual  species 
I and  groups,  are  less  extensive  than  they  are  in 
The  Sihley  Guide  to  Birds.  For  example,  the 
•I  Herring  Gull  (Larus  ar^entatus)  account  in 
The  Sihley  Guide  to  Birds  includes  13,  11,  and 


2 illustrations  of  American,  Vega  (Siberian), 
and  European  birds,  respectively,  and  a dia- 
gram of  the  long  call  behavior.  In  the  eastern 
guide,  however,  there  are  9 illustrations  of 
American  Herring  Gulls,  and  in  the  western 
guide  there  are  10  illustrations  of  American 
and  2 of  Vega  Herring  Gulls  (non-breeding 
adults).  The  eastern  and  western  guides  cover 
many  rare  visitors,  but  illustrations  of  these 
are  limited  and  range  maps  are  not  included 
(although  geographic  location  is  covered  in 
the  text). 

The  introductions  in  each  field  guide  in- 
clude an  introduction  to  birding  and  birding 
ethics;  information  about  bird  classification 
and  taxonomy;  molt,  plumage,  and  variations 
in  how  birds  may  appear;  learning  songs  and 
calls;  finding  rare  birds;  extinct  species;  and 
conservation.  The  treatment  of  variation  in  ap- 
pearance covers  a range  of  topics,  including 
geographic  variation  and  subspecies,  poly- 
morphism, wear  and  fading,  changes  in  pos- 
ture and  head  shape,  lighting  and  atmospheric 
conditions,  staining,  aberrant  plumages,  bill 
deformities,  and  hybrids.  The  section  on  bird 
topography  is  extensive,  providing  diagrams 
of  passerines,  gulls,  ducks,  and  shorebirds. 
The  treatment  of  passerines  also  includes  sev- 
eral diagrams  of  head  feathers,  body  feathers, 
and  wing  feathers.  The  diagrams  are  the  same 
as  those  used  in  The  Sihley  Guide  to  Birds, 
but  the  written  descriptions  are  substantially 
reduced  to  allow  for  all  the  diagrams.  Font 
sizes  throughout  the  two  guides  are  necessar- 
ily small  to  facilitate  the  inclusion  of  substan- 
tial amounts  of  information  without  crowding, 
but  some  readers  may  find  the  small  size  frus- 
trating. 

Overall,  1 found  these  books  to  be  user- 
friendly,  extremely  well  illustrated,  and  por- 
table. Sibley’s  field  guides  will  be  useful  for 
bird  watchers  at  a variety  of  skill  levels,  and 
I enthusiastically  recommend  them. — .SARA 
R.  MORRIS.  Canisius  C’ollege.  Buffalo.  Ncu 
York;  e-mail:  morrissCoT'anisiiis.etlu 
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FRONTISPIECE.  Five  members  of  the  Tribe  Ardeini  (Great  Blue  Heron,  Ardea  herodias;  Yellow-crowned  1 
Night-Heron,  Nyctanassa  violacea\  Snowy  Egret,  Egretta  thida\  Little  Blue  Heron,  Egretta  caeridea',  and 
Black-crowned  Night-Heron,  Nycticorax  nycticorax)  whose  ornamental  plumes  emerge  during  the  later  stages  t 
of  the  definitive  prebasic  molt;  Pyle  and  Howell  found  no  evidence  for  a prealtemate  molt.  Original  painting 
(watercolor  gouache  on  acrylic)  by  Barry  Kent  MacKay.  < 
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ORNAMENTAL  PLUME  DEVELOPMENT  AND  THE 
‘TREALTERNATE  MOLTS”  OF  HERONS  AND  EGRETS 

PETER  PYLEi  3 AND  STEVE  N.  G.  HOWELL^ 


ABSTRACT. — To  investigate  molts  and  ornamental-plume  development  in  herons  and  egrets,  we  examined 
48  specimens  of  10  North  American  species.  We  found  no  evidence  for  a prealternate  molt,  despite  widespread 
opinion  that  such  a molt  occurs  and  includes  the  ornamental  plumes.  Our  data  indicate  that  these  plumes  emerge 
luring  the  later  stages  of  the  definitive  prebasic  molt  in  August-November,  grow  slowly  through  January- 
^ebruary,  and  are  retained  until  replacement  during  the  following  prebasic  molt.  The  preformative  (traditionally 
ermed  “first-prebasic”)  molt  shows  substantial  variation  in  extent.  In  91.9%  of  86  first-year  individuals  collected 
)etween  November  and  May,  this  molt  included  the  development  of  ornamental  plumes  that  were  similar  in 
brm,  but  shorter  in  length,  than  those  of  adults.  Male  Great  Blue  {Ardea  herodias)  and  Little  Blue  {Egretta 
rieridea)  herons  developed  longer  ornamental  plumes  than  females,  presumably  a result  of  sexual-selection 
-trategies.  Received  9 February  2004,  accepted  28  September  2004. 


Herons  and  egrets  (Tribe  Ardeini)  are  wide- 
ly regarded  as  having  two  plumages  per 
year — a “non-breeding”  or  basic  plumage  in 
fall  and  winter,  and  a “breeding”  or  alternate 
plumage  in  spring  and  summer  (Palmer  1962, 
Cramp  1977,  Hancock  and  Kushlan  1984, 
Marchant  and  Higgins  1990,  Voisin  1991). 
The  extent  of  “pre-breeding”  or  prealternate 
body-feather  molts  reportedly  varies  from  at 
least  a few  crown  feathers  in  Great  Blue  Her- 
on (Palmer  1962;  see  Table  1 for  scientific 
names)  to  complete  in  Great  Egret,  Cattle 
Egret,  and  Black-crowned  Night-Heron  (With- 
erby  et  al.  1939).  The  ornamental  plumes  have 
been  considered  part  of  the  alternate  plumage, 
with  shorter  basic  ornamental  plumes  report- 
edly being  replaced  by  longer  alternate 
plumes  in  spring  (Palmer  1962,  Telfair  1994). 

By  definition,  the  occurrence  of  a prealter- 


' The  Inst,  for  Bird  Populations.  P.O.  liox  1436. 
Point  Reyes  Station.  CA  94936,  USA. 

* Point  Reyes  Bird  Observatory,  4990  Shoreline 
Hwy.,  Stinson  Beach.  CA  94970,  USA. 

’ Corresponding  author:  e-mail:  ppyleC«^birdpop.org 


nate  molt  requires  the  activation  of  follicles 
more  than  once  during  the  molt  cycle  (Hum- 
phrey and  Parkes  1959).  In  north-temperate 
herons  and  egrets,  therefore,  an  early  spring 
molt  (additional  to  the  annual  prebasic  molt) 
has  been  presumed,  involving  the  replacement 
of  basic  ornamental  plumes  along  with  vary- 
ing proportions  of  basic  contour  feathers.  In 
order  to  confirm  the  existence  of  prealternate 
molts  and  determine  the  occurrence  and 
length  of  basic  and  alternate  ornamental 
plumes  in  herons  and  egrets,  we  examined 
448  specimens  of  the  10  species  that  breed  in 
North  America  north  of  Mexico. 

METHODS 

Specimens  of  herons  and  egrets  were  ex- 
amined at  the  California  Academy  of  Sciences 
(CAS),  San  Erancisco;  the  Museum  of  Verte- 
brate Zoology  (MVZ),  Berkeley;  the  British 
Museum  of  Natural  History,  rring;  the  Amer- 
ican Museum  of  Natural  History,  Nev\  York; 
and  the  B.  I’.  Bishop  Museum,  Honolulu.  All 
specimens  were  collected  in  Canada,  the  Unit- 
ed States,  aiul  northern  Mexico,  presumably 
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TABLE  1.  Number  of  North  American  heron  and  egret  specimens  examined  and  proportion  of  each  sample 
collected  during  active  molt,  by  season  and  age.“ 


Species 

Age'’ 

Jul-Aug 
/;  (%) 

Sep-Oct 
n (%) 

Nov-Dec 

Jan-Feb 
n (%) 

Mar-Apr^ 
n {%) 

May-Jun^ 
n (%) 

Total 
n,  n 

C 

Great  Blue  Heron 

AD 

3 (0.3) 

8 (0.9) 

7 (0.1) 

7 (0.0) 

25  (0.0) 

17 

(0.1) 

67, 

13 

(Ardea  herodias) 

lY 

3 (0.0) 

5 (0.2) 

5 (0.4) 

13  (0.2) 

7 (0.0) 

2 

(0.0) 

35, 

6 

Great  Egret 

AD 

5 (0.2) 

5 (1.0) 

5 (0.4) 

3 (0.0) 

8 (0.0) 

1 

(0.0) 

27, 

8 

{Ardea  alba) 

lY 

3 (0.0) 

7 (0.4) 

3 (0.3) 

3 (0.3) 

1 (0.0) 

4 

(0.0) 

21, 

5 

Snowy  Egret 

AD 

2 (1.0) 

0 (— ) 

4 (0.3) 

1 (0.0) 

4 (0.0) 

3 

(0.0) 

14, 

3 

(Egretta  thula) 

lY 

6 (0.0) 

5 (0.4) 

0 (— ) 

0(— ) 

3 (0.0) 

2 

(0.0) 

16, 

2 

Little  Blue  Heron 

AD 

5 (0.6) 

3 (1.0) 

2 (0.0) 

5 (0.0) 

5 (0.0) 

7 

(0.3) 

27, 

8 

{Egretta  caeridea) 

lY 

0 (— ) 

0 (— ) 

0 (— ) 

1 (0.0) 

2 (0.0) 

3 

(0.0) 

6, 

0 

Tricolored  Heron 

AD 

2 (1.0) 

1 (1.0) 

2 (0.5) 

3 (0.0) 

1 (0.0) 

2 

(0.0) 

1 1, 

4 

{Egretta  tricolor) 

lY 

2 (0.0) 

4 (0.5) 

2 (0.0) 

2 (0.0) 

1 (0.0) 

1 

(0.0) 

12, 

2 

Reddish  Egret 

AD 

2 (0.0) 

1 (1.0) 

4 (0.3) 

1 (0.0) 

6 (0.0) 

2 

(0.5) 

16, 

3 

{Egretta  rufescens) 

lY 

1 (0.0) 

4 (0.3) 

2 (0.5) 

1 (0.0) 

0 (— ) 

2 

(0.0) 

10, 

2 

Cattle  Egret 

AD 

3 (1.0) 

0 (— ) 

3 (0.0) 

2 (0.0) 

2 (0.0) 

4 

(0.3) 

14, 

4 

{Biibulcus  ibis) 

lY 

0 (— ) 

0(— ) 

6 (0.3) 

0 (— ) 

1 (0.0) 

6 

(0.0) 

13, 

2 

Green  Heron 

AD 

9 (0.8) 

7 (0.9) 

2 (0.0) 

2 (0.0) 

6 (0.0) 

6 

(0.0) 

32, 

13 

{Butorides  virescens) 

lY 

6 (0.0) 

6 (0.2) 

1 (1.0) 

0 (— ) 

3 (0.0) 

6 

(0.0) 

22, 

2 

Black-crowned  Night-Heron 

AD 

7 (0.6) 

5 (1.0) 

5 (0.2) 

6 (0.0) 

7 (0.0) 

7 

(0.1) 

37, 

1 1 

{Nycticorax  nycticorax) 

lY 

2 (0.0) 

10  (0.2) 

7 (0.1) 

6 (0.5) 

4 (0.0) 

5 

(0.0) 

34, 

6 

Yellow-crowned  Night-Heron 

AD 

4 (0.8) 

6 (0.8) 

0 (— ) 

1 (0.0) 

2 (0.0) 

4 

(0.5) 

17, 

10 

{Nyctanassa  violacea) 

lY 

4 (0.0) 

5 (0.6) 

3 (0.0) 

3 (0.3) 

0 (— ) 

2 

(0.0) 

17, 

4 

Total 

AD 

42  (0.6) 

36  (0.9) 

34  (0.2) 

31  (0.0) 

66  (0.0) 

53 

(0.2) 

262,  77 

lY 

27  (0.0) 

46  (0.3) 

29  (0.3) 

29  (0.3) 

22  (0.0) 

33 

(0.0) 

186,  31 

^ Ages  are  coded  as  AD  (adult)  and  lY  (first-year);  see  text  for  definitions. 

For  first-year  birds  in  April-June,  the  proportion  repre.sents  those  undergoing  the  preformative  molt.  First-year  birds  that  had  commenced  the  .second 
prebasic  molt  (as  indicated  by  the  shedding  of  the  first  primary;  see  text)  were  not  considered  as  being  in  active  preformative  molt. 

The  total  column  includes  the  overall  specimen  sample  and  the  sample  collected  in  active  molt. 


from  populations  with  boreal  breeding  and 
molt  cycles.  For  each  specimen,  we  assigned 
age  and  sex  based  on  plumage  and  informa- 
tion on  the  specimen  label.  Birds  were  aged 
as  either  “first-year”  (in  their  calendar  year  of 
hatching  or  through  June  of  the  following 
year)  or  “adult”  (at  least  1 year  older  than 
first-year)  through  examination  of  plumage, 
shape  of  the  outer  primaries  and  rectrices,  and 
presence  or  absence  of  replacement  patterns 
among  the  secondaries  and  primaries  (Palmer 
1962,  Cramp  1977,  Baker  1993;  specimen  ex- 
amination by  PP).  First-year  birds  do  not  re- 
place Juvenal  primaries,  whereas  adults  often 
show  wear  patterns  indicating  gradual  replace- 
ment. Juvenal  outer  primaries  and  rectrices  are 
narrower  and  more  pointed  than  those  of 
adults,  and  body  plumage  and  wing  coverts  of 
darker-plumaged  herons  show  age-specific 
differences  in  color  patterns.  Individuals  that 
showed  equivocal  or  conflicting  characters  {n 
= 19  of  467,  particularly  among  white-plum- 
aged  egrets)  were  excluded  from  the  sample. 
Sex  designations  reported  on  specimen  la- 


bels— presumably  based  on  internal  exami- 
nation— were  assumed  to  be  correct. 

We  categorized  specimens  as  actively  molt- 
ing if  contour  feathers  (excluding  ornamental 
plumes)  or  flight  feathers  were  growing.  Con- 
tour feathers  throughout  all  body  tracts  were 
carefully  lifted  and  examined  for  pins  or  de- 
veloping feathers  (cf.  Johnson  1963).  In  spec- 
imens not  actively  molting  when  collected  {n 
= 340),  occurrence  and  extent  of  contour- 
feather  molts  were  assessed  by  examining  the 
proportion  of  replaced  feathers  that  were 
markedly  fresher  than  Juvenal  or  basic  feath- 
ers, considering  the  duration  of  the  previous 
prebasic  molt  and  temporal  period  since  its 
completion.  Fewer  than  five  new  contour 
feathers  were  assumed  to  represent  adventi- 
tious replacement  (e.g.,  after  accidental  loss) 
rather  than  molt.  Although  flight-feather  re- 
placement patterns  can  be  complicated  in  her- 
ons (cf.  Shugart  and  Rohwer  1996),  flight- 
feather  molt  can  be  an  accurate  temporal 
marker  for  prebasic  molt;  e.g.,  we  considered 
the  second  prebasic  molt  to  have  commenced 
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FIG.  1.  Occipital,  scapular,  and  pectoral  plume  lengths  by  month  (Julian  date)  and  age  in  Great  Blue  and 
Little  Blue  herons,  indicating  slow  rate  of  growth  and  lack  of  replacement  during  winter  and  spring.  Curvilinear 
regression  lines  (adult  herons)  are  shown  where  quadratic  terms  were  signihcant  (see  text);  otherwise,  linear 
regressions  (dashed  for  first-year  Great  Blue  Herons,  solid  for  adult  Little  Blue  Herons)  are  shown.  Vertical 
lines  repre.sent  the  estimated  date  at  which  plumes  attain  full  length  within  the  population  (95%  of  the  maximum 
value  of  the  fitted  quadratic  curves).  Sample  size  (n  = 6)  for  first-year  Little  Blue  Herons  was  insuflicient  for 
meaningful  regression  analysis. 


when  the  innermost  Juvenal  primary  had  been 
shed. 

To  assess  the  growth  rate  of  ornamental 
feathers  at  the  population  level,  we  mea- 
sured— from  insertion  to  tip — the  longest  oc- 
cipital, .scapular,  and  pectoral  plumes  in  adult 
Great  Blue  and  Little  Blue  herons.  Specimens 
on  which  the  longest  plume  appeared  to  be 
missing  or  broken  were  excluded.  Growth  of 
ornamental  plumes  was  estimated  using  linear 
and  non-linear  regression  of  plume  length 
against  Julian  date  and  a quadratic  date  term 
(date-),  respectively,  the  latter  to  estimate  the 


curvilinear  rate  of  growth  (see  Seber  and  Wild 
2003  for  use  of  quadratic  terms  in  regression). 
Julian  dates  were  based  on  a starting  point  of 
1 June  to  include  the  subsequent  prebasic 
molt,  and  an  ending  point  of  30  September  to 
include  the  prior  prebasic  moll,  thus  ranging 
from  1 to  487  (15  months).  We  estimated  the 
completion  of  plume  dexelopmenl  as  the  dale 
by  which  the  lilted  quadratic  curve  had 
reached  ol  its  maximum  value  (sec  L'ig, 

I ).  Unless  specified,  results  of  m>n-linear  re- 
gression are  reported  when  the  quadratic  term 
was  signihcant;  otherwise,  results  of  linear  re- 
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gressions  are  reported.  Sex-specific  differenc- 
es in  plume  lengths  were  assessed  using  Anal- 
ysis of  Variance  (ANOVA).  Statistics  were 
performed  using  the  program  Stata  (Stata  Cor- 
poration 1997). 

Molt  and  plumage  terminology  follows 
Humphrey  and  Parkes  (1959)  except  for  that 
of  the  first  molt  cycle,  in  which  we  use  the 
terms  “formative  plumage”  (in  lieu  of  the  tra- 
ditional term  “first  basic  plumage”)  and  “pre- 
formative  molt”  (in  lieu  of  “first  prebasic 
molt”)  following  Howell  et  al.  (2003). 

RESULTS 

Molts  in  herons  and  egrets. — Of  448  aged 
individuals,  186  were  first-year  birds  and  262 
were  adults  (Table  1).  Among  adults,  active 
prebasic  molt  occurred  in  birds  collected  from 
15  June  to  23  November  {n  = 77).  Among 
first-year  birds,  active  preformative  molt  oc- 
curred from  14  September  to  24  February  {n 
= 29).  The  second  prebasic  molt  had  com- 
menced in  12  of  33  birds  collected  between 
28  April  and  30  June,  the  date  after  which 
first-year  birds  were  reclassified  as  adults  (Ta- 
ble 1).  No  active  contour-feather  molt  was  de- 
tected in  97  adults  collected  in  January-April 
(Table  1),  and  no  evidence  of  partial  prealter- 
nate molts  was  detected  in  70  adults  collected 
between  April  and  the  onset  of  the  subsequent 
prebasic  molt  (May-August). 

Fourteen  adults  (7  Great  Blue  Herons,  1 
Snowy  Egret,  2 Reddish  Egrets,  3 Little  Blue 
Herons,  and  1 Cattle  Egret)  were  in  the  pro- 
cess of  replacing  ornamental  plumes  when 
collected.  In  all  14  specimens,  short  new 
plumes  were  in  pin  or  were  emerging  adjacent 
to  retained  old  plumes.  These  specimens  were 
collected  between  17  August  and  23  Novem- 
ber during  the  later  stages  of  active  prebasic 
flight-feather  and  contour-feather  molt.  On  the 
Cattle  Egret,  the  older  plumes  were  tawny  and 
the  newer  plumes  were  white. 

In  first-year  birds,  the  preformative  molt 
showed  substantial  variation  in  extent.  In  29 
individuals  collected  between  1 March  and 
commencement  of  the  second  prebasic  molt, 
the  extent  of  replacement  ranged  from  most 
feathers  of  the  head  and  neck  and  a few  scap- 
ulars (Great  Blue  Heron  MVZ 15554),  to  all  or 
nearly  all  body  feathers,  all  lesser  and  median 
coverts,  five  proximal  secondaries  (including 
the  tertials),  and  five  medial  rectrices  (Green 


Heron  CAS24684).  Ornamental  plumes  were 
developed  as  part  of  this  molt,  as  evidenced 
in  91.9%  of  86  first-year  individuals  collected 
between  November  and  May,  before  the  onset 
of  the  second  prebasic  molt.  These  formative 
plumes  were  similar  in  form  to  those  of  adults 
but  were  shorter  in  length  (Fig.  1;  see  below). 
The  lack  of  a prealternate  molt  during  first  and 
later  molt  cycles  and  the  timing  and  extent  of 
preformative  molt  were  similar  among  all  10 
taxa  (Table  1). 

Ornamental  plume  lengths  in  Great  Blue 
and  Little  Blue  herons. — Our  data  indicate  that 
the  ornamental  plumes  of  adult  Great  Blue 
and  Little  Blue  herons  emerged  in  September 
or  October  during  the  prebasic  molt  (see 
above)  and  continued  to  grow  through  Janu- 
ary or  February,  after  which  growth  ceased 
(Fig.  1).  For  all  three  plume  types  of  Great 
Blue  Heron  (/?  = 47-58;  Fig.  lA-C),  and  for 
scapular  {n  = 22;  Fig.  IE)  and  pectoral  {n  — 
26;  Fig.  IF)  plumes  of  Little  Blue  Heron, 
growth  rates  were  negatively  curvilinear  {t  < 
-2.79,  P < 0.008  for  four  analyses,  and  t = 
—0.201,  P = 0.056  for  scapular  plume  length 
in  Little  Blue  Heron),  indicating  decelerated 
or  arrested  growth  during  the  summer  and  ear- 
ly fall.  Estimated  dates  for  attainment  of  full 
plume  length  varied  from  8 January  to  28 
February  (Fig.  1),  and  were  earlier  in  Little 
Blue  Heron  (8  January  to  1 1 February)  than 
in  Great  Blue  Heron  (17-28  February).  Plume 
length  of  adults  appeared  to  shorten  during 
June-October,  presumably  due  to  wear. 
Growth  of  occipital  plumes  in  adult  Little 
Blue  Herons  was  linear  {t  = 5.48,  P < 0.001; 
n — 26)  but  not  curvilinear  (t  = —0.063,  P = 
0.54)  with  respect  to  date,  suggesting  contin- 
ued growth  through  the  summer  (Fig.  ID). 
There  was  no  indication  that  plumes  in  either 
species  were  replaced  at  any  time  other  than 
during  the  prebasic  molt  (Fig.  1). 

In  first-year  Great  Blue  Herons,  for  which 
sample  size  (n  — 35)  was  sufficient  to  perform 
regression  analyses,  plume  lengths  showed 
significant  linear  trends  for  all  three  plume 
types  (t  > 4.03,  P < 0.001;  Fig.  lA-C),  but 
non-significant  curvilinear  trends  in  two  of 
three  types  (t  > —1.20,  P > 0.065  for  occip- 
ital and  pectoral  plumes;  t = 4.62,  P < 0.001 
for  scapular  plumes),  generally  indicating 
continued  growth  of  preformative  plumes  into 
the  spring. 
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lowing  those  on  which  the  fitted  quadratic 
curve  had  reached  95%  of  its  maximum  value; 
li  Fig.  1)  were  longer  in  males  than  in  females 
and  this  comparison  was  significant  for  all 
I three  plume  types  of  Great  Blue  Heron  (AN- 
OVA:  F > 6.79,  P < 0.013,  n - 49-58)  and 
for  pectoral  plumes  in  Little  Blue  Heron  {F  = 
4.15,  f*  = 0.046,  n = 26).  For  example,  mean 
pectoral  plume  length  of  male  Great  Blue  Her- 
i ons  from  26  February  to  27  September  (Fig. 
2)  was  217.8  mm  (95%  Cl  = 146-290,  n = 
20),  whereas  mean  pectoral  plume  length  of 
females  was  190.3  mm  (95%  Cl  = 138-242, 
n = 29).  When  dates  were  restricted  to  26 
February  to  15  May  (before  the  effects  of 
feather  wear  obscure  sex-specihc  differences; 
see  Fig.  2),  mean  pectoral  plume  length  was 
231.2  mm  for  males  (95%  Cl  = 171-291,  /? 
= 10)  and  182.6  mm  for  females  (95%  Cl  = 
135-231,  u = 19). 

DISCUSSION 

Our  results  suggest  that  herons  and  egrets 
lack  a prealternate  molt,  despite  widespread 
opinion  to  the  contrary.  There  was  no  evi- 
dence of  active  contour-feather  replacement 
among  167  adults  collected  between  January 
and  the  onset  of  the  prebasic  molt  (as  early  as 
15  June).  Direct  specimen  examination  and 
growth-curve  data  indicate  that  ornamental 
plumes  emerge  during  the  later  stages  of  the 
detinitive  prebasic  molt  in  August-November, 
grow  slowly  through  January-Lebruary,  and 


are  kept  until  replaced  during  the  next  pre- 
basic molt.  A slow  rate  of  growth  has  also 
been  documented  for  ornamental  feathers  of 
tropiebirds  (Veit  and  Jones  2004),  indicating 
that  such  feathers  may  require  substantial  re- 
sources to  produce;  thus,  it  seems  both  un- 
likely and  unnecessary  that  these  feathers 
would  be  replaced  twice  per  year. 

Herons  and  egrets  thus  exhibit  the  Complex 
Basic  Strategy  of  molt  as  defined  by  Howell 
et  al.  (2003),  as  do  other  species  (e.g.,  bitterns 
and  tiger-herons)  within  Ardeidae  (Palmer 
1962;  specimen  examination  by  PP  and 
SNGH).  We  believe  that  ornithologists  con- 
cluding that  a prealternate  molt  existed  in  her- 
ons and  egrets  have  been  misled  by  (1)  the 
slow  growth  of  ornamental  plumes  in  adults — 
not  reaching  full  length  or  becoming  apparent 
in  the  field  until  winter  or  early  spring;  (2)  the 
protracted  preformative  molts,  which  usually 
include  growth  of  ornamental  plumes  on  first- 
year  birds  into  the  following  spring;  and  (3)  a 
plumage  color  change  during  spring  in  at  least 
one  species,  the  Cattle  Egret. 

Molt  in  Cattle  Egret  was  examined  by  Sieg- 
fried (1971)  and  discussed  by  Telfair  (1994). 
Siegfried’s  data  indicated  that  this  species  may 
have  only  one  molt  per  year  and  that  new 
white  ornamental  plumes  replaced  old  pig- 
mented plumes  after  the  breeding  season; 
however,  he  did  not  discuss  these  findings  in 
relation  to  molts  in  Ardeini.  Telfair  critiqued 
Siegfried’s  study  and  proposed  a molt  strategy 
involving  a prealternate  molt  that  included 
longer  alternate  ornamental  plumes  replacing 
shorter  basic  plumes.  Although  our  sample 
size  of  Cattle  Egrets  was  small,  our  study  in- 
dicates only  a single  replacement  of  ornamen- 
tal plumes  during  the  prebasic  molt,  as  in  oth- 
er herons  and  egrets.  As  first  suggested  by 
Humphrey  and  Parkes  (1963)  and  later  dis- 
cussed by  Telfair  (1994).  the  ornamental 
plumes  of  Cattle  ligrets  appear  to  gain  pig- 
mentation by  staining  derived  from  the  uro- 
pygial  gland  or  topical  deposition  of  caroten- 
oids, rather  than  through  replacement  of 
plumes.  Our  examination  of  14  adult  Cattle 
I{grel  specimens  supports  this  supposition: 
none  showed  e\  idcnce  of  a prealternate  molt, 
and  color  saturation  of  the  pectoral  and  scap- 
ular plumes  generally  became  darker  in  a clin- 
al  manner  (with  iiuli vicinal  variation;  cl.  Mad- 
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dock  1989)  as  date  of  collection  progressed 
from  winter  through  spring. 

Our  study  also  indicates  that  male  herons 
and  egrets  develop  longer  ornamental  plumes, 
at  least  on  average,  than  females.  This  is  the 
hrst  evidence  for  sex-specific  plumage  differ- 
ences among  North  American  Ardeini  and 
suggests  that  longer  plumes  in  males  than  in 
females  are  due  to  sexual-selection  strategies. 
It  is  possible  that  these  differences  are  greater 
than  those  we  report,  due  to  mis-sexed  indi- 
viduals in  our  sample  (cf.  Parkes  1989).  We 
suggest  that  more  comprehensive  analyses  or 
models,  using  a combination  of  all  plume 
lengths  and  date  on  individuals  of  confirmed 
sex,  may  produce  methods  for  the  accurate 
sexing  of  adult  herons  and  egrets  during 
spring. 
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FEMALE  BROWN-HEADED  COWBIRD  WITH  PARTIAL 

MALE  PLUMAGE 

SCOTT  G.  SUMMERS^  2 AND  RICHARD  M.  KOSTECKEi 


ABSTRACT. — There  are  few  records  of  functionally  female  birds  exhibiting  partial  to  total  male  plumages. 
On  26  March  2004,  we  collected  a female  Brown-headed  Cowbird  {Molothrus  ater)  at  Fort  Hood,  Texas,  with 
a presumably  functional  ovary  and  whose  back  and  belly  exhibited  the  glossy,  greenish-black  plumage  typical 
of  after-hatch-year  males.  This  individual  is  a unique  specimen  because  (with  the  exception  of  partial  albinism) 
no  aberrant  plumages  have  been  reported  for  Brown-headed  Cowbirds.  Received  27  May  2004,  accepted  16 
October  2004. 


Fort  Hood,  an  active  military  installation 
located  in  central  Texas  (Bell  and  Coryell 
counties),  practices  Brown-headed  Cowbird 
{Molothrus  ater,  hereafter  cowbird)  control  as 
a means  of  reducing  brood  parasitism  on  en- 
dangered songbirds  that  nest  on  the  installa- 
tion (Eckrich  et  al.  1999).  On  26  March  2004, 
a cowbird  with  an  unusual  plumage  was 
trapped  at  Fort  Hood.  The  head  and  breast  of 
this  bird  were  brownish-gray  (i.e.,  typical  fe- 
male coloration;  Fig.  1).  Although  individual 
and  groups  of  feathers  on  its  back  and  belly 
were  also  brownish-gray,  its  back  and  belly 
were  predominately  a glossy,  greenish-black 
typical  of  after-hatch-year  males  (Pyle  1997). 
Upon  dissection,  we  discovered  that  the  cow- 
bird had  a reduced  (i.e.,  follicles  were  small, 
approximately  1 mm  in  diameter,  and  white), 
but  presumably  functional,  ovary  on  its  left 
side.  Wing  chord  (104  mm)  and  tail  (71  mm) 
measurements  were  consistent  with  the  cow- 
bird being  a large  M.  a.  artemisiae  female 
(Pyle  1997). 

Females  that  exhibit  partial  to  total  male 
plumages  are  rare  but  have  been  reported  for 
Northern  Bobwhite  (Col inns  virginianus\ 
Buchanan  and  Parkes  1948),  American  (Falco 
sparverius;  Parrish  et  al.  1987)  and  Lesser  (F. 
naunianni\  Telia  et  al.  1996)  kestrels.  Bay- 
breasted Warbler  (Denclroica  castanea\  Stod- 
dard 1921),  and  Spotted  Towhee  (Pipilo  ma- 
culatus:  Bergtold  1916).  Male-like  feather 
pigmentation  can  result  from  hormonal  ab- 
normalities. Andersson  (1994)  suggested  that 
both  sexes  carry  the  genes  that  inlluence  sec- 
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ondary  sexual  characteristics,  and  expression 
of  these  genes  is  related  to  sex-specihe  hor- 
mones (i.e.,  estrogen  and  testosterone).  Fur- 
ther, Owens  and  Short  (1995)  suggested  that 
the  showier  breeding  plumage  of  males  of 
many  species  is  actually  the  neutral  stage  of 
development  and  that  more  cryptic  female 
plumages  are  induced  by  estrogen  production. 
Thus,  the  male  plumage  characteristics  ob- 
served on  our  female  cowbird  could  have  re- 
sulted from  reduced  hormone  secretion.  Al- 
ternatively, the  observed  plumage  may  be  the 
result  of  a genetic  abnormality.  Cowbirds 
maintain  similar-looking  plumage  year-round; 
therefore,  hormones  may  not  have  a large  in- 
fluence on  feather  pigmentation  (Lowther 
1993,  Owens  and  Short  1995,  Pyle  1997). 

Regardless  of  the  mechanism  responsible 
for  its  aberrant  plumage,  the  cowbird  we  col- 
lected is  a unique  specimen.  With  the  excep- 
tion of  partial  albinism  (Stewart  1963),  few 
unusual  plumages  have  been  reported  for 
cowbirds  (Lowther  1993,  Ortega  1998).  Fur- 
ther, we  have  trapped  and  destroyed  >19,512 
female  cowbirds  at  Fort  Hood  during  1999- 
2003  (The  Nature  Conservancy  of  Texas,  Fort 
Hood,  Linpubl.  data),  and  none  of  the  birds 
exhibited  unusual  plumages.  We  deposited  our 
cowbird  specimen  (FMNH  440412)  al  the 
Field  Museum  of  Natural  History,  Chicago, 
Illinois. 
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FIG.  1.  Female  Brown-headed  Cowbird  (Molothrus  ater)  trapped  at  Fort  Hood,  Texas,  on  26  March  2004, 
exhibiting  brownish-gray  head  and  breast  typical  of  females,  but  a predominately  glossy,  greenish-black  back 
and  belly  typical  of  after-hatch-year  males.  Photograph  by  D.  A.  Cimprich. 
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AGE  STRUCTURE  OE  NEOTROPICAL  MIGRANTS  DURING  EALL 
MIGRATION  IN  SOUTH  DAKOTA:  IS  THE  NORTHERN  GREAT 
PLAINS  REGION  AN  INLAND  ‘‘COAST”? 

KURT  L.  DEAN?  2 HEATHER  A.  CARLISLE?  ^ AND  DAVID  L.  SWANSON*^ 


ABSTRACT. — Proportions  of  juvenile  birds  in  migrant  populations  at  coastal  stopover  sites  are  often  higher 
than  proportions  of  juveniles  at  inland  stopover  sites,  a phenomenon  called  the  “coastal  effect.”  The  northern 
Great  Plains  forms  the  western  boundary  of  the  migratory  ranges  for  many  Neotropical  woodland  migrants. 
Moreover,  woodland  habitat  is  scarce  in  this  region,  consisting  primarily  of  natural  riparian  corridor  woodlands 
(hereafter  corridors)  and  planted  woodlots  and  shelterbelts  around  farmsteads  and  agricultural  fields  (hereafter 
woodlots).  Due  to  the  scarcity  of  woodland  habitat,  one  might  expect  that  adults — by  virtue  of  their  experience 
and  better-developed  navigational  abilities — would  avoid  the  Great  Plains  during  fall  migration,  thus  producing 
age  structures  in  migrant  populations  similar  to  those  found  at  coastal  sites.  We  tested  this  “inland  coast” 
hypothesis  for  Neotropical  migrants  captured  during  fall  migration  at  corridor  and  woodlot  stopover  sites  in 
southeastern  South  Dakota.  We  classified  migrants  into  three  groups  based  on  whether  our  South  Dakota  study 
sites  were  peripheral  (western  edge  of  migratory  range  within  South  Dakota),  near-peripheral  (western  edge  in, 
or  just  west  of,  Wyoming  or  Montana),  or  central  (western  edge  well  west  of  Montana  and  Wyoming)  to  their 
regular  migratory  ranges.  We  captured  higher  juvenile  proportions  of  peripheral  (86.5  ± 10.4%,  2 species)  and 
near-peripheral  (85.6  ± 4.5%,  7 species)  migrants  than  central  migrants  (79.6  ± 7.2%,  5 species),  but  the 
difference  was  not  significant  {P  = 0.11).  The  proportion  of  juveniles  was  inversely  correlated  with  the  distance 
of  our  study  sites  from  the  western  edge  of  a given  species’  migratory  range  (r  = 0.476,  P = 0.085).  The 
proportion  of  juvenile  Neotropical  migrants  at  our  study  sites  was  near  the  upper  end  of  proportions  recorded 
for  other  inland  sites  in  North  America,  but  was  slightly  lower  than  those  recorded  at  coastal  sites.  Our  results 
are,  therefore,  only  partially  consistent  with  the  inland  coast  hypothesis,  suggesting  that  factors  other  than 
geographic  location  also  shape  age  structures  at  our  study  sites.  The  mean  proportion  of  juveniles  (for  species 
captured  >13  times  in  both  habitats;  n = 10)  was  significantly  greater  {P  = 0.002)  in  the  woodlot  (89.1  ± 
7.0%)  than  in  corridors  (73.8  ± 12.5%).  The  differential  age  structure  in  the  two  habitats  suggests  that  habitat 
characteristics  may  influence  age  structure  of  the  migrant  community,  but  mechanisms  for  such  an  influence  are 
currently  unknown.  Received  5 August  2003,  accepted  21  October  2004. 


Variation  in  age  structure  among  Neotrop- 
ical migrants  at  stopover  sites  during  migra- 
tion may  indicate  age-related  differences  in 
the  selection  of  migration  routes  (Clench 
1969,  Ralph  1981),  timing  of  migration  (Dru- 
ry and  Keith  1962,  Hus.sell  et  al.  1967,  Stew- 
art et  al.  1974,  Hall  1981),  or  navigational 
abilities  (Drury  and  Keith  1962,  Ralph  1978). 
Ralph  (1971,  1978)  propo.sed  that  age-related 
differences  in  migratory  orientation  abilities 
and  experience  may  lead  to  a higher-than-ex- 
pected  incidence  of  juvenile  birds  at  coastal 
sites  or  at  the  peripheries  of  migratory  routes, 
a so-called  “coastal  effect.”  Most  of  the  data 
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supporting  these  conclusions  were  derived  by 
comparing  age  structures  and  densities  at 
coastal  stopover  sites  with  similar  data  from 
interior  sites  (Drury  and  Keith  1962;  Murray 
1966;  Ralph  1971,  1978,  1981).  Subsequent 
research  has  confirmed  the  generally  high  pro- 
portion of  juveniles  at  coastal  stopover  sites 
(Hall  1981,  Stewart  1986,  Taylor  et  al.  1994, 
Morris  et  al.  1996,  Woodrey  and  Moore 
1997).  Ralph  (1981)  further  argued  that  sites 
with  higher  percentages  of  juveniles  and  low- 
er overall  densities  were  principal  criteria  for 
defining  the  periphery  of  a species'  migration 
route.  This  argument  implies  that  the  causa- 
tive factor  for  the  high  proportions  of  juve- 
niles at  coastal  sites  is  that  they  arc  peripheral 
to  the  main  migratory  route  for  the  species. 
I'he  basis  for  this  argument  is  the  unproven 
assumption  that  following  a main  migratory 
route  is  an  adaptive  behavior,  and  that  indi- 
viduals straying  from  these  routes  suffer  in- 
creasetl  mortality,  and  thereby  reduced  fitness 
(Ralph  1981).  The  coastal  effect  could  also 
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result  from  young  birds  seeking  out  coastal 
habitats  for  a variety  of  reasons  (e.g.,  better 
food  resources,  decreased  competition  with 
adults,  navigational  purposes).  None  of  these 
alternatives  has  been  adequately  addressed 
and  the  causative  factors  underlying  the  coast- 
al effect  are  not  well  understood.  If,  however, 
Ralph’s  (1981)  assumption — that  the  periph- 
ery of  a migratory  route  confers  lower  fit- 
ness— is  valid,  and  juveniles  occur  in  higher 
proportions  at  the  periphery  due  to  less  effec- 
tive navigation,  then  the  proportion  of  juve- 
niles at  the  periphery  of  a species’  migratory 
route  should  be  high  relative  to  more-central 
sites,  whether  coastal  or  inland. 

Age  structures  during  fall  migration  have 
been  documented  for  several  inland  sites 
(Ralph  1971,  1978,  1981;  Stewart  et  al.  1974; 
Hall  1981;  Rimmer  and  McFarland  2000),  but 
none  of  these  sites  lies  near  the  inland  bound- 
ary of  the  migratory  ranges  for  migrants  typ- 
ically associated  with  forested  areas  in  eastern 
North  America.  Consequently,  the  age  com- 
positions of  fall  migrants  at  inland  peripheries 
of  routes  are  essentially  unknown.  The  north- 
ern Great  Plains  lies  on  the  western  periphery 
of  migratory  routes  used  by  a number  of  east- 
ern migrants  (American  Ornithologists’  Union 
1998).  Current  landscapes  of  the  eastern  por- 
tion of  the  northern  Great  Plains  consist  main- 
ly of  agricultural  habitats  interspersed  with 
pastures  and  grasslands.  Woodland  habitats  in 
this  region  are  scarce,  composing  only  about 
4%  of  land  area  in  southeastern  South  Dakota. 
Historically,  they  consisted  mainly  of  natural, 
deciduous  riparian  woodlands  bordering 
streams  and  rivers  (hereafter  corridors),  but 
they  have  since  been  supplemented  with 
woodlots  and  shelterbelts  surrounding  farm- 
steads and  agricultural  fields  (hereafter  wood- 
lots).  Of  the  current  woodland  area  in  south- 
eastern South  Dakota,  60  and  40%  is  com- 
posed of  woodlots  and  corridors,  respectively 
(Castonguay  1982).  If  adult  birds  are  capable 
of  more  refined  orientation  during  migration 
than  juveniles,  then  it  might  be  expected  that 
they  would  avoid  the  relatively  inhospitable 
landscapes  of  the  northern  Great  Plains,  which 
would  result  in  age  structures  skewed  toward 
juveniles  in  this  region.  As  a consequence,  age 
structures  of  migratory  populations  in  this 
area  might  resemble  coastal  age  structures,  at 
least  for  those  species  for  which  the  northern 


Great  Plains  are  peripheral  to  the  main  migra- 
tory range.  A corollary  prediction  of  the 
coastal  effect  hypothesis  is  that  the  proportion 
of  juveniles  should  be  greater  in  migratory 
populations  of  peripheral  species  than  central 
species. 

We  evaluated  the  age  structure  of  Neotrop- 
ical migrant  passerines  captured  at  corridor 
and  woodlot  study  sites  during  fall  migration 
in  southeastern  South  Dakota  to  delineate  age- 
related  migratory  patterns  in  the  northern 
Great  Plains.  Our  objectives  were  to  deter- 
mine (1)  whether  coastal-like  proportions  of 
juveniles  occurred  at  these  study  sites,  (2) 
whether  the  proportion  of  juveniles  in  migrat- 
ing populations  differed  between  peripheral 
and  central  species,  and  (3)  whether  propor- 
tions of  juveniles  differed  between  corridor 
and  woodlot  study  sites — the  two  habitats  that 
represent  the  major  types  available  to  wood- 
land migrants  seeking  stopover  sites  in  this 
area. 

METHODS 

Study  sites. — We  captured  Neotropical  mi- 
grants with  mist  nets  (9  X 2.6  m,  30  mm 
mesh)  at  four  corridor  sites  in  Clay  and  Union 
counties  in  southeastern  South  Dakota  during 
fall  migration  (15  August-6  October)  from 
1993  through  1995.  Three  of  the  study  sites 
were  located  in  riparian  corridor  habitats 
along  the  Missouri  and  Big  Sioux  rivers.  The 
fourth  study  site  was  located  on  a north-south 
tributary  of  the  Big  Sioux  River  (Brule 
Creek),  and  included  both  upland  and  riparian 
deciduous  habitats.  Migrants  were  also  cap- 
tured with  mist  nets  at  a single  farmstead 
woodlot  study  site  (—3.5  ha)  during  fall  mi- 
gration (15  August-6  October)  in  1996  and 
1997.  These  study  sites  and  their  vegetation 
are  described  in  detail  in  Dean  (1999)  and 
Swanson  et  al.  (2003).  Because  we  sampled 
in  corridor  and  woodlot  study  sites  in  different 
years,  between-year  differences  might  con- 
found comparisons  of  age  structure  between 
sites;  however,  Ralph  (1981)  showed  that  2 
years  of  intensive  sampling  produced  juvenile 
percentages  within  5%  of  long-term  averages 
for  95%  of  all  species.  Because  we  sampled 
intensively  for  at  least  2 years  at  each  study 
site,  our  data  should  accurately  reflect  the 
long-term  age  structure  of  migrants  at  these 
sites.  Moreover,  early  August  to  early  October 
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TABLE  1.  Percent  juveniles  and  total  captures  (n)  for  Neotropical  migrant  species  (^15  overall  captures) 
at  corridor  and  woodlot  stopover  sites  in  southeastern  South  Dakota,  1993-1997. 


Corridor  Woodlot  Overall 


Central  migrants 


“Traill’s”  Flycatcher  (Empidonax  traillii  and  E.  alnorum) 

60.8 

51 

91.2 

34 

72.9 

Swainson’s  Thrush  (Catharus  ustidatus) 

81.8 

11 

75.0 

4 

80.0 

Orange-crowned  Warbler  {Vermivora  celata) 

69.5 

141 

75.0 

196 

72.7 

Nashville  Warbler  (Vermivora  ruficapilla) 

83.8 

74 

92.5 

199 

90.1 

Wilson’s  Warbler  (Wilsonia  pusilla) 

70.5 

44 

85.9 

142 

82.3 

Near-peripheral  migrants 

Least  Flycatcher  (Empidonax  minimus) 

50.0 

16 

89.1 

55 

80.3 

Red-eyed  Vireo  (Vireo  olivaceus) 

83.7 

43 

100.0 

13 

87.5 

Tennessee  Warbler  (Vermivora  peregrina) 

0.0 

1 

95.8 

24 

92.0 

Yellow-rumped  Warbler  (Dendroica  coronata) 

81.8 

22 

85.9 

64 

84.9 

Black-and-White  Warbler  (Mniotilta  varia) 

70.0 

10 

90.9 

11 

81.0 

Ovenbird  (Seiunis  aiirocapilla) 

87.5 

16 

91.7 

24 

90.0 

Northern  Waterthrush  (Seiurus  noveboracensis) 

78.3 

23 

92.3 

13 

83.3 

Peripheral  migrants 

Mourning  Warbler  (Oporornis  Philadelphia) 

69.0 

29 

83.9 

62 

79.1 

Canada  Warbler  (Wilsonia  canadensis) 

100.0 

5 

90.9 

11 

93.8 

encompasses  the  major  migration  period  for 
I both  adults  and  juveniles  of  most  species  of 
Neotropical  woodland  migrants  that  move 
through  southeastern  South  Dakota,  except 
' perhaps,  for  later-migrating  individuals  of  late 
migrants,  such  as  Orange-crowned  (Vermivo- 
ra  celata)  and  Yellow-rumped  warblers  (Deu- 
droica  coronata;  Tallman  et  al.  2002). 

Capture  techniques. — Mist  nets  were  placed 
at  specific  locations  within  each  study  site 
during  fall  migration;  the  same  net  locations 
were  used  throughout  the  study  (both  within 
and  between  years)  at  both  corridor  and  wood- 
I lot  study  sites.  Weather  permitting,  mist-net- 
ting  was  conducted  7 days  per  week  at  corri- 
dor sites  and  at  least  6 days  per  week  at  the 
woodlot  site.  We  opened  5-7  nets  at  each  cor- 
[ ridor  site  and  7-10  nets  in  the  woodlot  site; 
net  hours  were  recorded  as  one  net  open  for 
1 hr  = 1 net-hr.  We  sampled  corridors  only  in 
the  morning  (sunri.se  until  approximately 
1 1 ;()()  CvST),  whereas  we  sampled  the  woodlot 
in  mornings  and  often  evenings  (for  2-3  hr 
prior  to  sunset)  as  well  (Dean  1999,  Swanson 
et  al.  2003).  Mist-netting  at  corridor  sites  oc- 
curred on  a 4-day  rotation  so  that  each  site 
was  visited  every  4th  day — except  during  fall 
1995,  when  flooding  prevented  continuous  ac- 
cess to  the  Big  Sioux  River  site.  During  the 
period  of  flooding,  we  alternated  between  the 


two  Missouri  River  study  sites  and  the  Brule 
Creek  site  on  alternate  days.  Nets  were  not 
opened  on  rainy  or  very  windy  days.  Total 
net-hr  were  2,050  for  corridor  sites  and  5,107 
for  the  woodlot  site  (Dean  1999,  Swanson  et 
al.  2003). 

Age  structure  analysis. — All  birds  were 
aged  (hatching  year  = HY,  after  hatching  year 
= AHY)  by  skull  ossification,  which  is  a re- 
liable aging  technique  through  at  least  the 
month  of  September  for  most  Neotropical  mi- 
grant passerines  (Pyle  1997).  For  analysis  of 
the  “inland  coastal  effect,”  we  classified  mi- 
grants into  three  groups  (peripheral,  near-pe- 
ripheral, and  central)  based  on  the  degree  to 
which  our  study  sites  were  peripheral  to  their 
regular  migratory  range  (Table  1).  Division  of 
migrant  birds  into  these  groups  was  based  on 
the  broad-scale  migratory  range  maps  in  Sib- 
ley (2()()0)  and  the  finer  scale  migration  maps 
in  Tallman  et  al.  (2002).  If  the  western  border 
of  the  main  migratory  range  fell  within  South 
Dakota,  we  classified  species  as  peripheral  mi- 
grants; if  the  western  border  of  the  main  mi- 
gratory range  at  the  latitude  of  South  Dakota 
fell  in,  or  just  west  of  Wyoming  or  Montana, 
we  classified  species  as  near-peripheral  mi- 
grants; and,  if  the  western  border  (4'  the  main 
migratory  range  fell  well  west  of  Montana  and 
Wyoming,  we  classified  species  as  central  mi- 
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grants.  Yellow-rumped  Warbler  was  classified 
as  a near-peripheral  migrant  because  the  Myr- 
tle race  (D.  c.  coronata)  is  a common  fall  mi- 
grant in  eastern  South  Dakota,  but  is  rare  in 
western  South  Dakota  and  casual  in  western 
North  America  away  from  coastal  wintering 
areas  (Hunt  and  Flaspohler  1998,  Tallman  et 
al.  2002).  We  did  not  include  migrants  that 
regularly  breed  at  our  study  sites  because  we 
could  not  reliably  distinguish  between  local 
breeders  and  passage  migrants  from  farther 
north.  Grouping  species  into  arbitrary  associ- 
ations (e.g.,  by  migratory  boundaries)  intro- 
duces difficulties  in  analyses  such  as  these  be- 
cause each  species  has  range  boundaries  that 
are  not  identical  to  those  of  other  species,  and 
which  may  vary  temporally.  However,  be- 
cause we  were  interested  in  broad-scale  pat- 
terns of  age  structure  that  should  apply  gen- 
erally to  migrants — depending  on  the  relative 
degree  to  which  our  sites  are  peripheral  to  the 
migratory  range — we  contend  that  pooling 
species  into  these  groups  does  provide  an  ad- 
equate test  of  the  “inland  coast”  hypothesis. 

Migratory  group  comparisons. — We  ana- 
lyzed differences  in  juvenile  proportions 
among  migratory  groups  by  calculating  the 
percentage  of  juveniles  for  individual  species 
captured  >15  times  and  then  calculating 
means  for  each  group.  Percentage  data  were 
arcsine-transformed  prior  to  calculating  means 
and  we  used  one-way  ANOVA  to  compare 
group  means.  Because  only  two  species  of  pe- 
ripheral migrants  met  the  criterion  of  >15 
captures,  the  power  of  one-way  ANOVA  to 
detect  differences  among  means  was  very  low. 
Consequently,  we  also  compared  mean  juve- 
nile proportions  of  pooled  peripheral  and  near- 
peripheral migrants  (means  for  the  two  groups 
were  essentially  identical,  see  Results)  with 
central  migrants  by  f-test. 

We  also  calculated  Pearson’s  correlation  co- 
efficients to  test  for  correlations  between  pro- 
portions of  juveniles  at  our  study  sites  and  dis- 
tance to  the  edge  of  the  migratory  range.  To 
determine  distance  to  migratory  range  edge,  we 
measured  the  approximate  distance  (nearest  50 
km)  to  the  migratory  border  (from  maps  in  Sib- 
ley 2000)  for  each  species  at  the  latitude  of  our 
study  sites  (43°  N)  with  the  Geodetic  II  World 
Distance  Calculator  program,  ver.  1.0  (www. 
infoairports.com/freeservices/worlddistance. 
html).  For  the  Myrtle  race  of  the  Yellow-rumped 


FIG.  1.  Correlation  between  proportion  of  juve- 
niles (species  captured  >15  times)  for  pooled  corridor/ 
woodlot  sites  and  distances  from  our  study  sites  to  the 
approximate  western  boundaries  of  species’  migratory 
ranges. 

Warbler,  whose  migratory  range  Sibley  (2000) 
depicts  as  extending  west  to  the  west  coast  of 
North  America  (where  it  is  only  a casual  fall 
migrant  away  from  the  coast.  Hunt  and  Flas- 
pohler 1998),  we  arbitrarily  selected  the  western 
border  of  Wyoming  as  the  edge  of  its  migratory 
range.  Changing  the  western  edge  of  the  migra- 
tory range  for  this  species  by  500  km  in  either 
direction  resulted  in  a maximum  change  of  only 
0.012  in  the  Pearson’s  correlation  coefficient,  so 
the  exact  position  of  the  migratory  boundary 
had  little  impact  on  our  results. 

Comparisons  with  other  sites. — We  used 
paired  r-tests  to  compare  mean  proportions  of 
juveniles  for  species  that  occurred  at  both  our 
study  sites  (corridors  and  woodlot  pooled)  and 
other  inland  sites  (see  Fig.  1).  We  also  cal- 
culated Pearson’s  correlation  coefficients  to 
test  for  correlations  between  latitude  and  pro- 
portions of  juveniles  at  inland  and  coastal 
study  sites.  Latitudes  for  other  study  sites  in 
North  America,  when  not  reported,  were  es- 
timated (to  the  nearest  0.5°  N)  with  the  Geo- 
detic II  World  Distance  Calculator  program. 

Between-habitat  comparisons. — For  each 
migratory  group,  we  used  r-tests  to  compare 
mean  percentages  of  juveniles  in  corridor  sites 
versus  the  woodlot  site  [calculated  for  species 
captured  >15  times  in  each  habitat,  but  also 
including  Red-eyed  Vireo  (Vireo  olivaceus) 
and  Northern  Waterthrush  (Seiurus  novebor- 
acensis),  captured  ^15  times  in  corridors  but 
only  13  times  in  the  woodlot].  For  between- 
habitat  comparisons  of  juvenile  proportions  by 
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individual  species  (using  only  those  species 
captured  >15  times),  we  used  a log-likelihood 
ratio  for  2X2  contingency  tables  (G  statistic, 
Zar  1996). 

Additional  statistics. — Median  migration 
dates  were  established  for  species  with  >6 
captures  for  each  age  class.  Age-related  syn- 
chrony of  migration  was  compared  using  a 
median  test  2X2  contingency  table,  which 
was  analyzed  by  chi-square  or  Fisher’s  Exact 
tests  (Zar  1996).  Statistical  significance  for  all 
tests  was  set  at  F < 0.05,  except  for  paired  t- 
tests  of  species  that  occurred  at  both  our  sites 
and  other  inland  sites,  and  G-tests  and  median 
tests  on  individual  species  where  multiple  sig- 
nificance tests  were  required.  For  these  tests, 
we  used  a sequential  Bonferroni  procedure 
(Rice  1989)  to  adjust  a-levels  and  reduce  the 
probability  of  type  1 errors,  with  k = 1 for 
I paired  Utests,  k = ^ for  between-habitat  com- 
parisons for  individual  species,  and  k = 6 in 
both  corridors  and  woodlots  for  median  tests 
: for  individual  species.  Means  are  presented  ± 

; SD. 

! RESULTS 

Migration  timing. — One  factor  influencing 
the  variability  of  age  structures  at  stopover 
sites  may  be  age-related  asynchrony  in  migra- 
tory timing.  If  sampling  effort  is  not  even  over 
I the  entire  migration  period,  or  if  peak  migra- 
1 tory  periods  for  specific  age  groups  are  un- 
! dersampled,  then  calculations  of  age  struc- 
tures may  be  inaccurate  (Kelly  and  Finch 
2000).  The  age  structures  we  report  are  not  a 
reflection  of  asynchronous  migration,  as  me- 
I dian  migration  dates  of  adults  and  Juveniles 
i did  not  differ  {F  > 0.05,  all  species). 

I Migratory  group  comparisons. — The  pro- 
I portions  of  Juveniles  (for  species  with  >15 
I captures.  Table  1 ) for  peripheral  migrants 
I (86.5  ± 10.4%,  n = 2 species),  near-periph- 
eral migrants  (85.6  ± 4.5%,  n = 1 species), 
and  central  migrants  (79.6  ± 7.2%,  n = 5 spe- 
cies) did  not  differ  (F2  , , = 1.474,  F = 0.27). 
The  proportion  of  Juveniles  was  higher  for  pe- 
ripheral and  near-peripheral  migrants  pooled 
(85.8  ± 5.3%)  than  for  central  migrants,  but 
not  significantly  .so  (z,,  = 1.73,  F = 0.11). 
Twelve  species  of  peripheral  migrants  were 
represented  by  fewer  than  9 captures  (48  in- 
dividuals total);  Yellow-bellied  F"lycatcher 
{E)npidona.\  flaviventris),  Ekistern  Phoebe 


(Sayornis  phoebe).  Great  Crested  Flycatcher 
{Myiarchiis  crinitus).  Blue-headed  Vireo  (Vir- 
eo  solitarius),  Philadelphia  Vireo  {Vireo  phil- 
adelphicus),  Golden-winged  Warbler  {Vermi- 
vora  chrysoptera).  Chestnut-sided  Warbler 
(Dendroica  pensylvanica).  Magnolia  Warbler 
{D.  magnolia).  Black-throated  Green  Warbler 
{D.  virens),  Blackburnian  Warbler  {D.  fusca). 
Bay-breasted  Warbler  {D.  castanea),  and  Scar- 
let Tanager  {Firanga  olivacea).  The  pooled 
proportion  of  Juveniles  for  these  12  species 
was  93.8%.  The  proportion  of  Juveniles  was 
inversely  correlated  (marginally;  r = 0.476,  F 
— 0.085)  with  the  distances  of  our  study  sites 
from  the  edges  of  species’  migratory  ranges 
(Fig.  1). 

Comparisons  with  other  sites. — The  pro- 
portion of  Juveniles  captured  in  South  Dakota 
fell  within  the  range  (corridor  sites)  or  were 
near  the  upper  end  (woodlot  site)  of  propor- 
tions recorded  at  other  inland  sites  in  North 
America  (Fig.  2).  Comparisons  of  shared  mi- 
grant species  revealed  that  South  Dakota 
study  sites  had  higher  proportions  of  Juveniles 
than  all  other  inland  sites,  but  in  only  one  case 
was  the  difference  significant  (South  Dakota 
versus  Carlisle,  PA;  Table  2).  Ralph  (1981) 
considered  individual  species  to  exhibit  coast- 
al age  ratios  if  the  percentage  of  Juvenile  birds 
was  >85%.  For  species  with  at  least  13  cap- 
tures in  our  study,  coastal-like  age  ratios 
(>85%)  were  obtained  for  only  1 of  10  spe- 
cies in  corridor  sites,  but  for  9 of  11  species 
in  the  woodlot  site  (Table  1).  The  proportion 
of  Juveniles  was  not  correlated  with  latitude 
for  either  inland  (r  = 0.43,  F = 0.25)  or  coast- 
al (r  = 0.07,  F = 0.92)  sites  (Fig.  3). 

Between-habitat  comparisons. — The  pro- 
portion of  Juveniles  was  greater  in  the  woodlot 
than  in  corridors  for  both  peripheral/near-pe- 
ripheral (z,o  = 2.82,  F = 0.018)  and  central 
(Zft  = 2.55,  F = 0.044)  migrants  (pooled:  73.8 
± 1 2.5%  Juveniles  in  corridors,  89.1  ± 7.0% 
Juveniles  in  woodlots;  /,„  = 3.55,  F = ().()()2; 
Fig.  4).  Of  the  species  captured  >15  times  in 
both  corridors  and  the  woodlot  (//  = 8 spe- 
cies), only  “dVaiirs"  Flycatcher  (Empidona.x 
traillii  and  E.  alnorum:  G = 8.76,  F = ().004) 
and  Least  Flycatcher  (/:.  minimus:  G = 8.42, 
F = ().()04)  differed  in  age  structure  between 
corridors  and  the  woodlot:  for  both  species, 
there  were  greater  percentages  of  Juvenile 
birds  in  the  woodlot  than  in  corridors. 
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EIG.  2.  Age  structure  of  Neotropical  woodland  mi- 
grant populations  at  inland  sites,  coastal  sites,  and 
southern  Veracruz,  Mexico.  Sites  marked  by  asterisks 
do  not  represent  the  entire  Neotropical  migrant  popu- 
lation, but  studies  at  those  sites  included  at  least  six 
commonly  captured  species  of  Neotropical  migrants. 
Sites  and  data  sources  are  as  follows:  Powdermill  and 
Carlisle,  PA,  and  coastal  MA/NJ  (Ralph  1981);  Alle- 
gheny Eront,  WV  (Hall  1981);  Wool  Ranch  and  Ear- 
allon  Islands,  CA  (Stewart  et  al.  1974);  Mt.  Mansfield, 
VT  (Rimmer  and  McEarland  2000);  Whitefish  Point, 
MI  (R.  Utych  pers.  comm.;  data  from  fall  migration 
seasons  1995-1997);  coastal  Alabama  (Woodrey  and 
Moore  1997);  corridor  and  woodlot  sites,  SD  (this 
study);  Appledore  Island,  ME  (Morris  et  al.  1996); 
coastal  VA  (Stewart  1986);  Palomarin,  CA  (Taylor  et 
al.  1994);  and  Veracruz,  MX  (Winker  1995).  The 
coastal  Alabama  stopover  site  was  included  with  the 
inland  sites  because  it  is  far  removed  from  the  Atlantic 
coast  and  lies  directly  south  of  inland  migration  routes. 
The  Veracruz  site  is  unique  due  to  the  extreme  narrow- 
ing of  the  continental  landmass  at  that  location,  and  is 
presented  separately  from  inland  and  coastal  sites. 


• Inland  sites 


EIG.  3.  Correlation  between  latitude  and  propor- 
tion of  juveniles  for  nine  inland  and  five  coastal  stop- 
over sites  in  North  America.  There  was  no  relationship 
between  latitude  and  proportions  of  juveniles  at  either 
inland  or  coastal  sites.  Sources  of  data  are  the  same  as 
those  listed  for  Eigure  1. 


DISCUSSION 

Migratory  group  comparisons. — The  pro- 
portions of  Juveniles  among  peripheral  and 
near-peripheral  migrants  were  slightly  greater 
than  they  were  for  central  migrants.  The  pro- 
portion of  juveniles  was  inversely  related  to 
the  distance  of  our  sites  from  the  boundaries 
of  their  migratory  ranges  {P  = 0.085).  Cap- 
ture rates  (this  study)  and  abundance  estimates 
from  point  counts  (Dean  1999,  Swanson  et  al. 
2003)  of  peripheral  and  near-peripheral  spe- 
cies also  were  typically  lower  than  those  for 
central  migrant  species,  which  is  one  of  the 
criteria  proposed  by  Ralph  (1981)  for  delin- 
eating the  periphery  of  a species’  migratory 
range.  The  pooled  proportion  of  juveniles  for 


TABLE  2.  Comparisons  of  mean  proportions  of  juveniles  (%  HY  ± SD)  common  to  South  Dakota  (pooled 
coiTidor  and  woodlot  data)  and  seven  other  inland  sites  to  the  east  of  South  Dakota.  Comparisons  were  limited 
to  Neotropical  migrant  species  with  >15  captures/site. 


Site“ 

% HY 

South  Dakota 
% HY 

t 

p 

Powdermill,  PA 

1 1 

75.1  ± 13.8 

84.6  ± 4.6 

2.26 

0.048 

Carlisle,  PA 

10 

69.3  ± 13.3 

84.6  ± 4.9 

3.56 

0.006^ 

Allegheny  Front,  WV 

3 

70.1  ± 5.1 

88.1  ± 5.1 

9.51 

0.011 

Mt.  Mansfield,  VT 

7 

84.9  ± 15.3 

88.3  ± 4.7 

0.02 

0.99 

Whitefish  Point,  MI 

13 

81.9  ± 14.4 

84.4  ± 6.0 

0.45 

0.66 

Coastal  AL 

2 

79.1  ± 11.2 

83.8  ± 5.3 

1.16 

0.45 

Southern  Veracruz,  MX 

3 

61.5  ± 19.5 

86.6  ± 3.9 

2.17 

0.16 

“ For  sources  of  data,  see  Fig.  1 . 

^ Number  of  species  occurring  at  both  South  Dakota  sites  and  other  sites. 
Significant  after  sequential  Bonferroni  adjustment. 
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Peripheral/Near-peripheral 
I ~ I Central 


I Corridors  Woodlot 

j FIG.  4.  Proportions  of  juveniles  at  corridor  and 
i woodlot  sites,  by  two  migratory  groups,  calculated  us- 
ing only  species  captured  >15  times  in  both  habitats 
j (but  also  including  Red-eyed  Vireo  and  Northern  Wa- 
j terthrush,  both  of  which  were  captured  only  13  times 
in  the  woodlot).  Sample  sizes  (number  of  species)  are 
shown  above  bars.  Bars  with  different  letters  (a,  b) 
indicate  signihcant  differences  {P  < 0.05). 

! 12  rarely  captured  species  of  peripheral  mi- 
! grants  was  93.8%,  similar  to  proportions  of 
I Juveniles  at  coastal  locations.  Taken  together, 
these  data  provide  modest  support  for  the  in- 
land coastal  effect  hypothesis. 

' Comparisons  with  other  sites. — The  pro- 
portions of  juveniles  at  our  study  sites,  espe- 
cially at  the  woodlot,  were  at  the  upper  end 
of  proportions  recorded  at  other  inland  sites 
in  North  America — also  consistent  with  the 
inland  coast  hypothesis.  Juvenile  proportions 
for  Neotropical  migrant  populations  range 
from  91.3  to  94.4%  HY  birds  at  sites  on  both 
the  east  and  west  coasts  of  North  America  and 
I from  67.3  to  86.3%  HY  birds  at  other  inland 
* sites  (Fig.  2).  However,  relatively  few  species 
I in  our  study  had  >90%  HY  birds — a propor- 
tion commonly  found  al  coastal  sites.  Our 
data,  then,  are  not  wholly  consistent  with  our 
hypothesis  of  an  inland  coastal  effect  during 
fall  migration  whereby  adults  avoid  the  north- 
ern Great  Plains.  This  suggests  that  geograph- 
ic position  relative  to  the  main  migratory 
range  is  not  the  only  factor  shaping  age  struc- 
ture at  inland  stopover  sites.  Less  extreme 
avoidance  of  the  northern  Great  Plains  than  of 
coastal  sites  by  adult  birds  makes  some  sense 
in  terms  of  selection  pressures  on  migrants. 
Although  the  northern  Great  Plains  offer  little 
favorable  stopover  habitat  for  woodlaiul  mi- 
grants, the  fitness  consec|uences  of  straying 


over  this  region  are  not  as  overtly  negative  as 
those  of  straying  over  the  open  ocean. 

The  proportions  of  juvenile  birds  at  several 
inland  sites — including  those  in  our  study — 
were  greater  than  the  predicted  50—80%  of  fall 
populations  based  on  clutch  sizes  and  survival 
(Ralph  1981).  While  age  structures  at  inland 
sites  are  not  as  heavily  skewed  toward  juve- 
niles as  those  at  many  coastal  sites,  in  several 
cases  inland  and  coastal  sites  showed  only  rel- 
atively minor  differences.  Potential  explana- 
tions for  the  higher-than-expected  incidence  of 
juveniles  at  inland  sites  may  include  some  or 
all  of  the  following:  high  breeding  productiv- 
ity (e.g.,  double-brooding)  of  migrants  (e.g.. 
Holmes  et  al.  1992),  high  adult  or  low  juve- 
nile mortality,  or  lack  of  age-structure  data 
from  a sufficient  number  of  inland  sites  to 
provide  an  accurate  overall  picture  of  geo- 
graphic variation  in  age  structure  of  eastern 
migrants.  Further  study  is  needed  to  distin- 
guish between  these  possibilities. 

Variation  in  age  structure  among  sites  might 
also  be  explained  by  differential  mortality 
among  age-classes.  Annual  mortality  is  high- 
est for  migrant  birds  during  migration,  and 
may  account  for  up  to  85%  of  annual  mortal- 
ity in  some  species  (Sillett  and  Holmes  2002). 
Juveniles  are  thought  to  suffer  heavy  mortality 
rates  during  their  first  migration,  especially 
when  migrating  over  geographic  barriers 
(Ralph  1978,  Gauthreaux  1982,  Goss-Custard 
et  al.  1982,  Moore  et  al.  1995).  If  juvenile 
mortality  is  higher  than  adult  mortality  during 
fall  migration,  then  age  structure  should  be 
more  skewed  toward  adults  with  increasing 
distance  along  the  migratory  route.  However, 
age  structure  was  not  significantly  correlated 
with  latitude  for  either  coastal  or  inland  sites 
in  North  America,  suggesting  little  differential 
mortality  among  age  classes. 

Another  possible  method  for  indirectly  as- 
sessing juvenile  mortality  during  fall  migra- 
tion is  to  compare  juvenile  proportions  for 
species  at  our  study  sites  with  those  al  stop- 
over sites  farther  to  the  south,  and  therefore 
farther  along  the  migratory  route.  Ccilomctry 
data  suggest  (hat  fall  migrants  in  southeastern 
South  Dakota  adopt  southeasterly  headings 
(Dean  1999),  which,  it  held  constant,  uoukl 
lead  (hem  to  coastal  sites  in  southern  Alabama 
or  Mississippi,  and  then  o\er  or  around  the 
Gulf  of  Mexic(x  Ju\enile  proportions  were 
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only  slightly  higher  in  southeastern  South  Da- 
kota than  in  coastal  Alabama  (Woodrey  and 
Moore  1997;  Fig.  2).  Moreover,  for  the  two 
migrant  species  that  occurred  at  both  our 
study  sites  and  the  coastal  Alabama  study  site, 
juvenile  proportions  were  87.5  and  87.0% 
(Red-eyed  Vireo)  and  80.0  and  71.9%  (Swain- 
son’s  Thrush,  Catharus  ustulatus)  at  South 
Dakota  and  Alabama  sites,  respectively.  How- 
ever, the  proportion  of  juveniles  was  greater 
at  our  study  sites  than  at  the  Isthmus  of  Te- 
huantepec in  southern  Mexico  (Winker  1995). 
These  data  are  consistent  with  similar  mortal- 
ity of  adults  and  juveniles  en  route  from  South 
Dakota  to  Alabama,  but  higher  juvenile  mor- 
tality later  in  migration.  Alternatively,  this 
pattern  might  be  explained  by  the  unlikely 
possibility  that  fewer  adults  than  juveniles 
make  trans-Gulf  flights  (thereby  bypassing  the 
Isthmus  of  Tehuantepec),  or  by  en  route  re- 
cruitment of  juveniles  along  the  migratory 
route.  In  any  event,  these  data  do  not  provide 
strong  evidence  for  a high  rate  of  juvenile 
mortality  contributing  to  the  difference  in  ju- 
venile proportions  among  inland  stopover 
sites. 

Between-habitat  comparisons. — Juvenile 
proportions  were  generally  greater  in  the 
woodlot  site  than  in  corridor  sites.  Such  a pat- 
tern could  potentially  arise  from  differences  in 
habitat  quality  between  corridors  and  wood- 
lots.  Vegetational  structure  and  diversity  differ 
among  the  two  habitats:  woodlots  are  gener- 
ally small,  isolated  from  each  other,  and  ex- 
hibit low  plant  diversity;  corridors  are  gener- 
ally much  larger,  more  contiguous,  and  have 
higher  diversity  (Dean  1999,  Swanson  et  al. 
2003).  Because  of  these  differences,  corridors 
might  be  expected  to  provide  better  stopover 
habitat  than  woodlots.  If  corridors  are  better 
habitat  for  migrants  than  woodlots,  then  the 
previous  experience  and  more  refined  navi- 
gational abilities  of  adult  birds  (Ralph  1981) 
would  lead  us  to  expect  higher  densities  of 
adults  than  juveniles  at  corridor  sites.  This 
tendency  could  strengthen  if  adults  competi- 
tively displace  juveniles  from  corridor  sites.  If 
adults  preferentially  occupy  higher-quality 
stopover  sites,  then  juveniles  might  occur  in 
greater  proportions  at  lower-quality  sites 
throughout  the  migratory  range.  Such  a rela- 
tionship could  help  explain  the  coastal  effect 
(if  coastal  sites  are  generally  inferior  to  inland 


sites)  and  the  relatively  wide  variation  in  pro- 
portions of  juveniles  at  inland  sites  (Fig.  2). 

Competition  for  food  among  migrants  can 
occur  at  stopover  sites  and  may  be  more  in- 
tense where  migrant  densities  are  greater 
(Moore  and  Yong  1991,  Kelly  et  al.  2002). 
The  relatively  small  total  area  of  corridor  hab- 
itats in  southeastern  South  Dakota  might  con- 
centrate migrants  at  these  sites,  thereby  in- 
creasing competition.  However,  densities  of 
migrants  were  roughly  similar  at  corridor  and 
woodlot  sites  (Swanson  et  al.  2003).  In  addi- 
tion, migrants  were  generally  able  to  gain 
mass  during  stopover  at  the  woodlot  (Carlisle 
1998,  Swanson  et  al.  2003);  thus,  woodlots 
appear  to  serve  as  suitable  stopover  habitat. 
Inasmuch  as  relative  stopover  habitat  quality 
at  these  sites  has  not  been  assessed  directly, 
the  contribution  of  habitat  quality  to  differ- 
ences in  age  structure  is  unknown.  Moreover, 
the  absence  of  marked  age-related  differences 
in  rates  of  mass  gain  (Morris  and  Glasgow 
2001,  Jones  et  al.  2002)  suggests  that  age-re- 
lated competition  may  not  be  a major  factor 
influencing  age  structures  at  stopover  sites  un- 
der most  circumstances.  Thus,  the  mecha- 
nisms responsible  for  differences  in  age-struc- 
ture of  migrants  between  corridors  and  wood- 
lots  in  our  study  are  unknown. 
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ABSTRACT. — We  examined  selection  of  grit-ingestion  sites  by  Black  Brant  {Branta  hernicla  nigricans)  on 
South  Humboldt  Bay,  California  in  relation  to  particle  size  and  calcium  content.  We  hypothesized  that  Brant 
site  selection  was  dependent  primarily  upon  calcium  content  and  secondarily  upon  distribution  of  substrate 
particle  size.  We  (1)  mapped  grit-ingestion  sites,  (2)  ranked  their  importance  by  Brant  abundance  and  individual 
movement  probabilities  between  sites,  (3)  characterized  Brant  gizzard  grit  and  compared  it  with  grit  available 
at  ingestion  sites,  and  (4)  compared  calcium  content  and  particle-size  distribution  between  ingestion  sites  and 
unused  sites,  and  between  primary  and  secondary  ingestion  sites.  Brant  repeatedly  congregated  at  specific, 
discrete  sites  during  the  2 years  of  observation.  The  distribution  of  gizzard-grit  particle  size  was  right-skewed 
toward  larger  particles  (>0.5  mm)  relative  to  the  proportional  availability  of  particle  sizes  in  the  substrate.  We 
found  no  significant  differences  in  calcium  content  or  particle  size  between  sites  where  grit  was  inge.sted  and 
unused  sites.  Within  used  sites,  the  calcium  content  of  substrates  at  the  primary  ingestion  site  was  significantly 
higher  than  at  the  secondary  ingestion  sites,  as  ranked  by  Brant  abundance  and  between-site  movement  proba- 
bilities. Our  findings  from  the  field  corroborate  previous  laboratory  results,  and  confirm  that  calcium  is  a sig- 
nificant ecological  factor  for  this  species.  Received  14  May  2004,  accepted  19  October  2004. 


Preferred  sites  for  gizzard-grit  ingestion 
may  be  used  faithfully  by  wild  bird  popula- 
tions for  many  decades  (Mcllhenny  1932),  but 
site  selection  of  this  resource  is  understudied. 
It  has  long  been  accepted  that  gizzard  grit 
(hereafter  grit)  is  an  essential  aid  for  grinding 
food  (Leopold  1931),  and  captive  birds  de- 
prived of  grit  experience  elevated  mortality 
(McCann  1939).  In  some  waterfowl,  amount 
of  grit  in  the  gizzard  and  size  of  grit  particles 
are  related  to  diet,  with  more  grit  and  smaller 
particles  in  the  gizzards  of  herbivores  com- 
pared to  omnivores  and  carnivores  (Thomas 
et  al.  1977,  Skead  and  Mitchell  1983).  Leo- 
pold (1933)  proposed  that  grit  could  be  a 
source  of  mineral  calcium  for  birds.  This  is 
well-documented  only  for  Ring-necked  Pheas- 
ant (Phasianus  colchicus),  a species  whose 
grit  consumption  is  driven  primarily  by  the 
need  for  calcium  and  only  secondarily  as  a 
grinding  material  (McCann  1939) — and 
whose  distribution  and  abundance  is  influ- 
enced by  the  availability  of  calciferous  grit 
(Leopold  1931;  McCann  1939,  1961;  Dale 
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1954).  Calcium  is  a crucial  breeding-season 
nutrient  for  eggshell  and  skeleton  formation, 
but  historically  it  has  been  relatively  neglected 
compared  with  investigations  of  fat  and  pro- 
tein (Alisauskas  and  Ankney  1992,  but  see 
Ankney  1984).  Geese  rely  to  varying  degrees 
upon  endogenous  reserves  for  successful 
breeding  (Ankney  and  Macinnes  1978,  Rav- 
eling 1979,  Prop  and  Black  1998),  and  al- 
though Black  Brant  {Branta  bernicla  nigri- 
cans) rely  on  reserves  less  than  other  arctic- 
breeding  waterfowl  of  similar  mass  (Ankney 
1984),  Brant  skeletal  mass  (an  index  of  cal- 
cium content)  is  reduced  27%  between  pre- 
and  post-laying  (Ankney  1984).  Trost  (1981) 
reported  that  grit  consumption  by  captive  fe- 
male Mallards  {Anas  platyrhynchos)  peaks  in 
the  spring  pre-breeding  period;  Mallards  dem- 
onstrate selectivity  in  both  particle  size  and 
calcium  content.  Additionally,  a calcium-de- 
ficient diet  reduces  the  breeding  success  of 
Great  Tits  {Pants  major,  Graveland  and  Drent 
1997),  implying  that  calcium  may  be  impor- 
tant to  breeding  birds  across  taxa. 

Here,  we  examine  selection  of  grit-inges- 
tion sites  by  Black  Brant  on  South  Humboldt 
Bay,  California.  Our  objective  was  to  examine 
how  calcium  and  particle  size  affect  site  use 
by  Brant,  hypothesizing  that  selection  of  grit- 
ingestion  sites  was  dependent  primarily  upon 
calcium  content  and  secondarily  upon  the  fre- 
quency distribution  of  particle  size.  We  (1) 
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mapped  Brant  grit-ingestion  sites;  (2)  ranked 
site  importance  by  Brant  abundance  and  in- 
dividual movement  probabilities  between 
sites;  (3)  characterized  gizzard  grit  from  two 
time  periods,  and  compared  it  with  grit  avail- 
able at  ingestion  sites;  and  (4)  compared  cal- 
cium content  and  frequency  distribution  of 
particle  size  between  ingestion  sites  and  un- 
used sites,  and  between  primary  and  second- 
ary ingestion  sites. 

METHODS 

Study  species  and  site. — The  Black  Brant  is 
a small  sea  goose  that  breeds  and  molts  in 
: western  and  northern  Alaska,  Russia,  and  the 
Northwest  Territories  (Reed  et  al.  1998).  In 
I fall,  most  Black  Brant  stage  at  Izembek  La- 
I goon,  Alaska,  before  migrating  south,  non- 
I stop,  to  coastal  lagoons  of  Washington, 

: Oregon,  California,  Baja  California,  and  Mex- 
li  ico  (Reed  et  al.  1998).  During  winter  and 
j spring,  Brant  head  north  again  toward  breed- 
j ing  grounds  in  the  western  Nearctic  (Reed  et 
al.  1998).  Northward  migration  is  composed 
of  shorter,  stepping-stone  flights  between  stop- 
overs at  bays  and  estuaries  along  the  west 
coast  of  North  America  (Reed  et  al.  1998).  We 
conducted  our  study  at  South  Humboldt  Bay, 
California  (Fig.  1),  an  important  stopover  site 
for  Black  Brant  during  their  northward  migra- 
tion to  the  breeding  grounds  (Moore  et  al. 
2004).  Brant  begin  arriving  at  Humboldt  Bay 
in  mid-December,  peak  at  —14,000  birds  in 
mid-March,  and  before  April  the  majority 
have  departed  Humboldt  Bay  (U.S.  Fish  and 
Wildlife  Service  unpubl.  data). 

Humboldt  Bay  is  a 62-km-  estuary  (Barn- 
hart et  al.  1992);  1,044  ha  of  eelgrass  (Zostera 
marina)  occurs  in  discrete  beds  interlaced 
with  a dendritic  network  of  channels.  Black 
Brant  feed  almost  exclusively  on  eelgrass  dur- 
ing the  non-breeding  season,  and  because 
Brant  do  not  dive,  eelgrass  can  only  be  ac- 
cessed at  low  tides  (Derksen  and  Ward  1993). 
South  Humboldt  Bay  contains  709f  of  the  eel- 
grass beds  found  in  Humboldt  Bay,  and  sup- 
ports 78-949f  of  the  Brant  that  use  Humboldt 
Bay  each  year  (Moore  et  al.  2004).  E'rom  350 
km  to  the  south  to  600  km  to  the  north,  Hum- 
boldt Bay  is  the  only  large  estuary  containing 
substantial  beds  of  eelgrass  (>300  ha) — effec- 
tively making  it  an  insular  study  area  with  low 


potential  for  regional  movements  (Moore  et 
al.  2004). 

South  Spit,  the  sandy  peninsula  separating 
South  Humboldt  Bay  from  the  Pacific  Ocean, 
has  one  large  and  many  small  intertidal  sand- 
bars along  its  eastern  shoreline  that  are  used 
by  Brant  to  rest,  preen,  and  ingest  grit  as  the 
tide  ebbs  (Fig.  1).  These  sandbars  are  exposed 
early  in  the  ebb,  long  before  the  water  level 
is  low  enough  to  allow  Brant  access  to  the 
eelgrass  beds.  As  soon  as  the  substrate  is  with- 
in —0.3  m of  the  water  surface,  Brant  flock  to 
the  sandbar  sites  to  ingest  grit. 

Observations. — We  conducted  88  Brant  sur- 
veys of  South  Bay  to  identify  and  map  the 
principle  grit-ingestion  sites.  In  2000,  we  sur- 
veyed the  bayside  beach  of  South  Spit  from  a 
vehicle  on  South  Spit  Road  (which  runs  along 
the  bay  shore)  24  times  during  daylight  ebbing 
tides  January-April;  the  abundance  and  dis- 
tribution of  all  Brant  were  mapped  on  an  ae- 
rial photo  of  South  Humboldt  Bay,  and  grit- 
ingestion  behavior  was  noted.  To  better  ob- 
serve all  of  South  Bay  in  2001,  in  addition  to 
31  South  Spit  Road  surveys,  we  surveyed  the 
entire  South  Bay  33  times  during  daylight 
ebbing  tides  in  February  and  March  using  a 
60X  spotting  scope  from  an  elevated  obser- 
vation site  (Bell  Hill  in  Fig.  1);  the  abundance 
and  distribution  of  all  Brant  were  mapped  on 
an  aerial  photo  of  South  Humboldt  Bay,  and 
grit-ingestion  behavior  was  noted.  We  identi- 
fied 10  main  haul-out  sites,  and  observed  grit- 
ingestion  behavior  at  6 of  these  (Fig.  1).  We 
based  our  analyses  of  grit  selection  on  the 
three  most  used  grit-ingestion  sites  (A,  B.  and 
C in  Fig.  1 ) used  by  78%  of  all  Brant. 

Movement. — To  estimate  movement  proba- 
bilities between  grit-ingestion  sites,  we  read 
tarsal  bands  of  all  Brant  at  the  three  most  used 
grit-ingestion  sites  (A,  B,  and  C in  Fig.  1 ). 
Brant  were  banded  at  major  breeding  and 
molting  locations;  all  ages  of  indi\  idual  Black 
Brant  have  been  marked  annually  with 
uniquely  coded  tarsal  bands  resulting  in  —8% 
of  the  total  population  being  banded  (Sedingcr 
et  al.  1993,  Ward  et  al.  1993,  Bollinger  and 
Derksen  1996).  On  24  days  between  January 
and  April  2()()().  we  usetl  a 60X  spotting  scope 
on  the  bay-side  shore  of  South  Spit  to  read 
the  leg  bands  ol  Brant  ingesting  grit  at  South 
Spit  sandbars  during  ebbing  tides. 

Wc  used  multi-strata  modeling  in  program 
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LIG.  I . Study  area  on  South  Humboldt  Bay,  California.  Black  Brant  (Branta  beniicla  nigricans)  using  grit- 
ingestion  sites  were  observed  from  Bell  Hill.  Grit-ingestion  sites  are  marked  with  solid-line  circles  (main  sites 
are  labeled  A,  B,  and  C).  Paired,  unused,  substrate-sampling  sites  are  indicated  by  broken-line  circles.  Roost 
sites  with  very  fine  sediments  that  were  not  sampled  are  indicated  with  squares. 


MARK  (White  and  Burnham  1999)  to  esti- 
mate probabilities  of  banded  Brant  moving 
between  grit-ingestion  sites.  Two  strata  were 
defined:  North  (site  A),  and  South  (sites  B and 
C).  Sites  B and  C were  combined  based  on 
their  proximity  and  to  make  the  number  of 
individuals  in  each  strata  more  equivalent. 
Model  selection  was  based  in  Akaike’s  infor- 
mation criterion  corrected  for  small  sample 


size  (AICJ  (Akaike  1974,  Burnham  and  An- 
derson 1998).  All  models  were  run  using  the 
logit  link  function.  Goodness-of-fit  (GOF) 
was  assessed  in  a recaptures-only  data  struc- 
ture using  the  bootstrap  procedure  in  program 
MARK  with  100  simulations.  The  general 
model  for  GOF  testing  was  {5'(site  X time) 
/7(site  X time)},  indicating  that  local  study 
area  fidelity  {S)  and  recapture  {p)  probabilities 
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i 

■;  varied  by  site  and  time.  We  accepted  a general 
[ model  GOF  if  its  deviance  ranked  <90  out  of 
I the  100  rank-ordered  deviances  simulated. 

Due  to  weather  and  tides,  leg  bands  could 
not  be  read  every  day  to  estimate  daily  move- 
ment probabilities;  therefore,  we  pooled  the 
24  days  of  band-reading  observations  into 
twelve  7-day  intervals.  Different  pooling  in- 
tervals were  tried  with  the  final  selection  be- 
ing the  shortest  time  period  that  met  three  cri- 
teria: (a)  the  number  of  observation  periods 
with  no  data  was  0,  (b)  the  rank  of  the  devi- 
i ance  of  the  general  model  was  <90th  out  of 
100  ranked  bootstrap  simulations,  and  (c)  the 
general  multi-strata  model  {5'(site  X time) 

' /?(site  X time)  vl;(site  X time)}  would  con- 
verge. Temporal  pooling  violates  the  assump- 
' tions  of  instantaneous  observations  and  of  a 
[ closed  population  during  observations,  and 
I can  lead  to  biased  parameter  estimates  (Har- 
grove and  Borland  1994);  however,  pooling 
was  necessary  to  estimate  movement  rates  and 
i is  commonly  practiced  (Pradel  et  al.  1997, 

' Reed  et  al.  1998). 

I The  a priori  model  set  included  S,  p,  and 
ij;(movement  probability)  as  constants  (•), 
time-dependent  (time),  and  linear  trends 
I through  time  (T),  with  site  effects  modeled  as 
(site),  (site  + time),  (site  + T),  (site  X time), 
j and  (site  X T),  for  a total  of  eight  models  for 
1 each  parameter.  We  simplified  the  general 
model  systematically,  starting  with  p,  then  re- 
il  ducing  S and  v|j  in  turn  for  a total  of  24  models 
tested  altogether  (Lebreton  et  al.  1992).  The 
general  model  {5(site  X time)  /?(site  X time) 
4^(site  X time)}  was  reduced  by  hrst  ranking 
all  eight  models  for  p in  the  set  while  holding 
S and  vj;  in  their  general  form.  After  a parsi- 
monious model  of  p was  found,  S was  reduced 
by  ranking  all  eight  models  for  S in  the  set 
while  holding  p in  its  most  parsimonious 
form,  and  i(i  in  its  general  form.  Finally,  i|i  was 
reduced  by  ranking  all  eight  models  for  in 
the  set  while  holding  p and  .V  in  their  most 
parsimonious  form  (Lebreton  et  al.  1992).  The 
I model  with  the  lowest  A 1C,  value  was  con- 
I sidered  the  best  or  most  parsimonious  model. 

Akaike  weights  (Burnham  and  Anderson 
I 1998)  were  computed  to  denote  relative 
I strength  of  evidence  supporting  each  model. 

Often,  several  models  in  the  final  set  of  top- 
ranked  models  appear  equally  plausible,  with 
AAIC,  values  near  zero  and  A 1C',  weights 


comparable  to  the  best  model.  To  account  for 
model  selection  uncertainty,  model  averaging 
was  used  to  create  parameter  estimates  (Burn- 
ham and  Anderson  1998).  Model  averaging 
uses  AIC^  weights  to  calculate  the  weighted 
average  of  each  real  parameter  across  all  mod- 
els with  AIC^  weights  greater  than  zero. 

Grit  sampling. — To  compare  gizzard  grit 
with  grit  available  at  grit-ingestion  sites,  we 
obtained  hunter-donated  gizzards  to  character- 
ize particle-size  distributions  of  gizzard  grit. 
We  sampled  substrates  at  grit-ingestion  sites 
and  compared  those  to  gizzard  grit  to  deter- 
mine whether  differential  selection  of  particles 
was  occurring.  To  determine  whether  calcium 
content  or  particle  size  distribution  was  the 
main  site-selection  factor,  we  also  compared 
substrate  samples  from  used  and  unused  sites, 
and  between  used  sites. 

During  November  2000  and  January  2001, 
hunters  donated  gizzards,  wings,  and  heads 
from  Brant  taken  on  Humboldt  Bay.  Novem- 
ber gizzards  were  more  likely  to  be  from  birds 
newly  arrived  from  Izembek  Lagoon,  Alaska, 
whereas  January  gizzards  were  more  likely  to 
be  from  birds  either  newly  arrived  from  a 
more  southerly  stopover  site,  or  from  birds 
overwintering  on  Humboldt  Bay.  Extraneous 
portions  of  the  alimentary  canal  and  fat  de- 
posits were  removed,  gizzards  were  opened, 
and  all  contents  washed  into  a container.  Emp- 
ty gizzard  wet  weight  (g),  head  length  (mm), 
age  (adult  or  juvenile  based  on  plumage  char- 
acteristics), and  month  taken  (November  or 
January)  were  recorded  for  each  bird.  Color 
of  the  gizzard  grit  was  classified  as  either  pre- 
dominantly white  or  black  in  order  to  assign 
its  geographic  origin.  Organic  matter  was  re- 
moved from  gizzard-grit  samples  by  ignition 
at  500°  C for  4 hr.  After  removal  of  organic 
matter,  grit  samples  were  dried  at  1()5°C  for 
24  hr  and  filtered  through  a stack  of  five 
sieves  (mesh  sizes:  0.053,  0.106,  0.25,  0.5, 
1.0,  and  2.0  mm)  for  5 min  in  a sediment 
shaker;  portions  then  were  weighed.  Propor- 
tions (by  weight)  were  arcsine  transformed  hu' 
analysis  (Zar  1974). 

During  low  titles  of  1 and  15  April  2001. 
we  samplctl  substrate  at  the  three  grit-inges- 
tion sites  on  .South  .Spit  with  highest  mean 
Brafit  abimdance.  anti  at  pairetl,  unusetl  sites 
within  50  m t)f  usetl  sites.  Five  samples  were 
ct)llectetl  at  each  site  except  at  usetl  site  A, 
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TABLE  I.  Table  of  model  selection  results  for  local  fidelity  (5),  recapture  (/?),  and  movement  (v}i)  probabil- 
ities of  322  Black  Brant  (Branta  hernicia  nigricans)  ingesting  grit  at  two  sites  on  South  Humboldt  Bay,  Cali- 
fornia, 2000.  While  the  best  model  (boldface,  AAIC^  = 0)  indicated  no  difference  in  movement  probability 
between  sites,  the  two  next-best  models  did  include  site,  and  had  non-trivial  AIC,.  weights,  thus  contributing  a 
substantial  site  effect  (a  north-biased  movement  probability)  to  the  final  model-averaged  parameter  estimates. 


Model 

AIC<. 

AAIC^ 

AIC^ 

weights 

k 

Deviance 

{S(T)  pisite  + time)  il>(-)p 

687.4 

0 

0.37 

15 

241.7 

{.S(T)  /Hsite  + time)  vl;(site)} 

687.7 

0.3 

0.31 

16 

239.9 

{5(4)  /;>(site  + time)  il/(site  X T)} 

689.1 

1.7 

0.16 

18 

236.9 

(AiT)  pisite  + time)  v|;(T)} 

689.6 

2.2 

0.12 

16 

241.7 

{A(T)  /?(site  + time)  v}i(site  + T)} 

691.7 

4.3 

0.04 

17 

241.6 

{5(T)  pisite  + time)  v}i(site  + time)} 

697.9 

10.5 

0 

26 

227.5 

“T  = linear  temporal  trend,  site  = difference  between  north  and  south  sites,  time  = full  time  dependence,  (•)  = constant. 


where  we  collected  seven  samples.  Each  sam- 
ple was  a volume  equivalent  to  approximately 
30  g (dry  weight)  of  sand  collected  from  with- 
in 1.5  cm  of  the  surface.  Samples  were  taken 
at  5-m  intervals  along  a transect  that  began  10 
m down  slope  from  the  high  tide  line,  and  ran 
along  the  ridge  of  each  sandbar  toward  the 
water  line.  In  spring  2001,  at  Izembek  La- 
goon, Alaska,  we  also  obtained  two  substrate 
samples  (—30  g each)  from  the  intertidal  zone 
of  one  of  the  most  heavily  used  grit-ingestion 
sites.  All  substrate  samples  were  dried,  fil- 
tered, and  weighed  using  the  same  method  de- 
scribed above  for  analyzing  samples  of  giz- 
zard grit.  Our  analyses  relied  upon  the  as- 
sumption that  the  gizzard  grit  we  collected 
was  ingested  from  the  sites  we  sampled  at  Iz- 
embek Lagoon  and  Humboldt  Bay.  There  is 
no  way  to  confirm  the  validity  of  this  as- 
sumption, but  based  on  the  appearance  and 
mineral  composition  of  the  grit  particles,  we 
are  confident  they  came  from  the  bays  in 
question,  if  not  necessarily  from  the  sampled 
sites. 

To  determine  calcium  content  of  substrate 
samples,  we  used  a sample  splitter  to  split  en- 
tire — 30-g  substrate  samples,  one  portion  of 
which  was  split  again  to  obtain  — 7-g  samples. 
Samples  were  dried  at  105°  C for  24  hr,  cooled 
in  a desiccator,  and  weighed.  Calcium  carbon- 
ate content  was  estimated  by  measuring  the 
volume  of  gas  evolved  (corrected  for  sample 
weight,  temperature,  and  pressure  conditions) 
when  10  ml  of  6 A"  hydrochloric  acid  was  add- 
ed to  the  sample  and  stirred  for  5 min  (de- 
tailed methods  in  Machette  1986,  modified 
from  Dreimanis  1962).  Percent  calcium  car- 
bonate of  each  sample  was  arcsine  trans- 


formed for  analysis  (Zar  1974).  We  used  GLM 
in  program  NCSS  (Hintze  2000)  to  analyze  all 
gizzard  grit  and  substrate  data.  Means  are  re- 
ported ± SE. 

RESULTS 

Based  on  88  surveys,  Brant  repeatedly 
hauled  out  at  10  specific  sandbars  along  South 
Spit  and  at  fine-sediment  bars  within  the  bay 
(Eig.  1).  These  sites  were  discrete  and  their 
use  by  Brant  did  not  change  between  the  2 
years  of  observation,  nor  within  an  observa- 
tion season.  Sites  A,  B,  and  C combined  were 
used  by  78%  of  all  Brant.  Site  A,  the  north- 
ernmost grit-ingestion  site  (Fig.  1),  was  used 
by  more  Brant  (site  A:  mean  = 342  birds  ± 
73,  maximum  = 1,580)  than  the  two  sites  with 
next-highest  abundance  estimates  (site  B: 
mean  = 94  ± 25,  maximum  - 250;  site  C: 
mean  = 105  ± 53,  maximum  = 200).  Fine- 
sediment  bars  around  the  perimeters  of  eel- 
grass  beds  were  also  used  by  Brant  hauling 
out  during  ebb  tides,  but  grit  ingestion  at  these 
sites  was  not  documented. 

Based  on  322  individual  encounter  histo- 
ries, the  most  parsimonious  model  of  ij;  (the 
probability  of  an  individual  moving  between 
strata  each  week)  between  North  (site  A)  and 
South  (sites  B and  C)  was  constant  (Table  1), 
but  model-averaged  parameters  indicated 
North-biased  iji  (North  to  South:  i|i  = 0.123  ± 
0.054;  South  to  North:  = 0.287  ± 0.124). 

The  most  parsimonious  model  of  S indicated 
no  difference  in  local  study  area  fidelity  be- 
tween sites  (Table  1).  Based  on  the  number  of 
Brant  using  grit-ingestion  sites,  and  move- 
ment probabilities  between  the  sites,  we  des- 
ignated the  northern  site  (A)  as  the  primary 
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TABLE  2.  Weight  (SE)  of  gizzards  and  grit  found  in  the  gizzards  of  Black  Brant  (Branta  hernicla  nigricans) 
shot  at  Humboldt  Bay,  California,  in  November  2000  and  January  2001. 

November  2000 

1 January  2001 

in  = 31) 

in  = 14) 

F-value^ 

Gizzard  wet  weight  (g) 

72.5  (9.9) 

102.8  (5.9) 

<0.001 

Grit-sand  weight  (g) 

6.9  (0.3) 

10.0  (0.5) 

0.001 

Gizzard  weight/sand  weight 

10.5 

10.3 

Grit  color 

Black 

White 

^ From  Mest  statistic. 


grit-ingestion  site,  and  southern  sites  (B  and 
C)  as  secondary  grit-ingestion  sites. 

The  activities  of  Brant  observed  at  the 
South  Spit  sandbars  were  tide-dependent. 
When  water  depth  over  the  sandbars  was  >0.5 
m,  no  Brant  were  present.  When  water  depth 
was  <0.5  m,  but  sandbars  were  still  sub- 
merged, rafts  of  up  to  hundreds  of  birds  would 
jostle  over  the  still-submerged  sandbars,  rap- 
idly upending  then  coming  up  with  mouths 
overflowing  with  sand  solution.  Once  the 
sandbars  became  exposed  as  tide  waters  re- 
ceded, the  few  birds  still  ingesting  grit  were 
found  at  the  perimeters  of  the  sandbars  or  at 
puddles  of  water  remaining  on  sandbar  sur- 
faces. The  three  main  grit-ingestion  sites  we 
focused  on  were  exposed  by  ebbing  tides  at 
nearly  the  same  water  level  (1.8-1. 6 m above 
MLLW),  so  no  tidally  induced  sequence  of 
accessibility  was  present. 

Hunters  donated  31  gizzards  in  November 
and  14  in  January.  All  gizzards  collected  in 
November  were  significantly  shrunken  due  to 
the  birds  having  recently  undertaken  their 
non-stop  southward  migration.  November  giz- 
zards contained  significantly  less  grit  than 
those  collected  from  Brant  during  their  “step- 
ping-stone” northward  migration  in  January, 
although  the  ratio  of  gizzard  weight  to  grit 
weight  remained  constant  between  seasons 
(Table  2).  After  controlling  for  month  of  col- 
lection, neither  gizzard  weight,  nor  grit-sand 
weight  differed  significantly  between  adult 
and  juvenile  birds;  thus,  ages  were  pooled  for 
subsequent  analyses.  Grit  samples  from  birds 
collected  in  November  contained  predomi- 
nantly black  volcanic  sand,  indicating  an  ori- 
gin at  Izembek  Lagoon,  Alaska,  the  primary 
fall  staging  area  for  Brant  (I).  11.  Wart!  pers. 
comm.).  Grit  samples  from  birds  collected  in 
January  contained  predominantly  white  c|uart/ 
sand — as  found  at  known  Brant  stopover  sites 


from  Baja  California  north  to  Humboldt  Bay 
(DEL  pers.  obs.,  D.  H.  Ward  pers.  comm.). 

We  compared  particle-size  distributions  of 
gizzard  grit  collected  in  November  with  sub- 
strate from  grit-ingestion  sites  at  Izembek  La- 
goon (Fig.  2A),  and  we  compared  gizzard  grit 
collected  in  January  with  substrate  collected 
from  grit-ingestion  sites  at  Humboldt  Bay 
(Fig.  2B).  In  November,  gizzard  grit  was  com- 
posed mostly  of  0. 5-1.0  mm  particles.  In  Jan- 
uary, gizzard  grit  was  made  up  of  nearly  equal 
proportions  of  particles  0.25-0.5  and  0.5- 1.0 
mm  in  size.  Substrate  at  both  Izembek  Lagoon 
and  Humboldt  Bay  was  composed  of  mostly 
particles  0.25-0.5  mm  in  size.  In  both  seasons, 
distributions  of  gizzard-grit  particle  size  were 
right-skewed  toward  larger  particles  (>0.5 
mm)  relative  to  the  proportional  availability  of 
particle  sizes  in  the  substrate  (Fig.  2A,  B). 

We  compared  particle-size  distributions  of 
substrate  sand  from  ingestion  sites  with  sand 
from  unused  sites  in  Humboldt  Bay  (Fig.  3). 
We  found  no  differences  in  particle  size  dis- 
tributions between  sites  where  grit  was  in- 
gested and  unused  sites.  We  also  compared 
particle  size  distributions  of  sand  from  pri- 
mary (site  A,  north  site)  and  secondary  (sites 
B and  C,  south  sites)  ingestion  sites  (Fig.  4). 
Relative  to  the  north  site,  the  south  sites'  dis- 
tribution was  right-skewed,  containing  larger 
proportions  of  particles  0.25-0.5  and  0.5- 1.0 
mm  in  size  (Fig.  4). 

The  mean  calcium  content  (proportion  cal- 
cium carbonate)  of  substrate  from  all  grit-in- 
gestion sites  used  by  Brant  (mean  = 0. 100  ± 
0.042)  was  not  signilicantly  higher  (/  = 
— 0.88,  df  = 3 1 , /^  = 0.19)  than  at  unused  sites 
(mean  0.088  ± 0.034).  However,  the  cal- 
cium content  of  substrates  at  the  primary  in- 
gestion site  (site  A:  mean  0.137  ± 0.036) 
was  significantly  higher  (/  — -5.01,  df  = 15, 
P < O.OOl)  than  at  the  secondary  ingestion 
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FIG.  2.  Particle-size  distributions  (mean  ± SE)  of 
gizzard  grit  from  Black  Brant  (Branta  bernicia  nigri- 
cans) collected  at  Humboldt  Bay,  California  in  No- 
vember 2000  compared  with  substrate  from  grit-inges- 
tion  sites  at  Izembek  Lagoon,  Alaska  (A);  and  gizzard 
grit  collected  at  Humboldt  Bay,  California  in  January 
200 1 compared  with  substrate  from  grit-ingestion  sites 
at  Humboldt  Bay  (B). 


sites  (sites  B and  C combined:  mean  = 0.073 
± 0.018). 

DISCUSSION 

We  documented  repeated  use  by  Brant, 
within  and  between  seasons,  of  discrete  grit- 
ingestion  sites  on  South  Humboldt  Bay.  Used 
sites  were  characterized  by  differential  abun- 
dance and  constant,  low  levels  of  asymmetri- 
cal movement  by  individual  Brant  between 
sites.  These  differences  were  used  to  rank  the 
sites  as  primary  and  secondary  in  importance. 
Only  at  the  level  of  “within  used  sites”  was 
there  any  evidence  of  differential  selection. 
Our  results  within  used  sites  indicate  that 
Brant  select  grit-ingestion  sites  primarily 


Particle  size  (mm) 

FIG.  3.  Particle-size  distributions  (mean  ± SE)  for 
substrate  sand  at  grit-ingestion  sites  versus  sites  not 
used  by  Black  Brant  {Branta  bernicia  nigricans)  on 
South  Spit,  South  Humboldt  Bay,  California,  2000- 
2001. 


based  upon  calcium  carbonate  content  of  the 
substrate,  and  secondarily  based  upon  avail- 
ability of  particle  size.  These  results  from  field 
data  corroborate  the  laboratory-based  findings 
of  McCann  (1939)  for  Ring-necked  Pheasants 
and  Trost  (1981)  for  Mallards. 

We  interpreted  movement  toward  the  pre- 
ferred site  as  being  calcium  driven.  That  the 
most  preferred  grit-ingestion  site  had  higher 
amounts  of  calcium  carbonate  is  not  surpris- 
ing considering  that  eggs  are  composed  of  10- 


FIG.  4.  Particle-size  distributions  (mean  ± SE)  for 
substrate  sand  at  primary  (A)  and  secondary  (B  & C) 
grit-ingestion  sites  used  by  Black  Brant  {Branta  ber- 
nicia nigricans)  on  South  Spit,  South  Humboldt  Bay, 
California,  2000-2001.  Sites  were  ranked  as  primary 
or  secondary  according  to  bird  abundance  and  be- 
tween-site  movement  probabilities. 
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15%  calcium  (Gilbert  1971)  and  Brant  egg- 
shells average  8.2  ± 0.1  g calcium  (Ankney 
I 1984).  Calcium  deficiency  has  been  linked 
with  reduced  reproductive  success  in  Great 
Tits  (Graveland  and  Drent  1997).  Graveland 
and  Van  Gijzen  (1994)  found  that  Great  Tits 
could  not  obtain  sufficient  calcium  from  ar- 
I thropod  and  seed  food  items,  but  required  cal- 
cium-rich supplementary  material  to  meet  the 
I demands  of  egg  laying.  Although  Brant  are 
less  reliant  on  endogenous  reserves  of  fat  and 
protein  than  other  arctic-breeding  waterfowl 
due  to  rich  food  sources  being  available  near 
the  nest  (Ankney  1984),  all  the  calcium  re- 
quirements of  the  eggs  must  be  available  at 
the  time  of  laying.  For  egg  formation,  birds 
mobilize  calcium  from  the  skeleton  and  med- 
''  ullary  bone  (Taylor  and  Moore  1954,  Simkiss 
! 1967),  calcium  that  must  be  obtained  and 

I stored  during  the  nonbreeding  season. 

' Movement  toward  secondary  grit-ingestion 
sites  could  have  been  due  to  calcium  satiation, 

’ slightly  greater  levels  of  the  preferred  (larger) 

' grit-particle  sizes  at  secondary  sites,  displace- 
1 ment  by  more  dominant  competitors,  and/or 
avoidance  of  disturbance.  The  difference  in 
proportions  of  particles  0.5— 1.0  mm  in  size 
between  the  primary  and  secondary  sites  was 
small,  but  the  difference  in  handling  times  re- 
li  quired  to  filter  out  sufficient  quantities  of 
these  particles  during  opportune  tidal  win- 
I dows  may  be  enough  to  explain  the  attraction 
to  secondary  sites  where  the  preferred  particle 
sizes  are  more  abundant.  Levels  of  agonistic 
behavior  were  not  documented  in  our  study  to 
i establish  whether  competition  might  drive  the 
movement  toward  the  secondary  sites.  Brant, 
however,  are  sensitive  to  anthropogenic  dis- 
turbances (wSchmidt  1999),  and  disturbance 
may  have  influenced  some  of  their  movements 
to  secondary  sites.  The  primary  site  is  near 
the  main  ship  channel  between  South  Hum- 
boldt Bay  docks  and  both  North  Humboldt 
Bay  and  the  Pacific  Ocean,  while  the  second- 
ary sites  are  more  remote  from  human  activ- 
ities. 

We  found  no  difterence  between  used  and 
unused  sites  with  respect  to  particle  size  or 
calcium  content.  No  other  factors  were  inves- 
tigated, thus  the  factor  responsible  for  specific 
site  use  by  Black  Brant  at  Humboldt  Bay  re- 
mains unclear.  It  could  have  been  a function 
I of  scale  in  our  experimental  design  (i.e.,  se- 


lecting paired  unused  sites  at  a scale  that  bi- 
ased the  results  toward  no  difference).  A ran- 
dom selection  of  the  comparison  sites  might 
have  revealed  differences.  Selection  of  grit- 
ingestion  sites  likely  represents  a complex  in- 
teraction of  nutritional  requirements,  social 
factors,  and  grit  availability. 

The  right-skewed  particle-size  distributions 
of  grit  found  in  Brant  gizzards  versus  samples 
of  substrate  sand  could  indicate  the  ability  of 
Brant  to  ingest  larger  sand  particles;  alterna- 
tively, it  may  reflect  differential  retention 
times  in  the  gizzard  for  different  particle  sizes. 
We  believe  the  difference  is  due  to  selective 
ingestion  because  the  only  study  of  gizzard 
particle  retention  in  waterfowl  (using  captive 
Mallards)  found  no  difference  in  retention 
rates  for  particles  of  different  size  classes 
(Trost  1981).  Wear  (reduction  of  grit  size 
while  resident  in  the  gizzard)  could  induce 
only  a left-skewed  distribution  relative  to 
available  particle  sizes.  There  is  some  dis- 
agreement over  the  mechanism  waterfowl  use 
to  selectively  ingest  grit  particles  (Crome 
1985,  Kooloos  et  al.  1989,  Nudds  1992, 
Nudds  and  Wickett  1994,  Mateo  et  al.  2000), 
but  whatever  process  the  birds  use,  grit-inges- 
tion behavior  was  much  more  prevalent  when 
sandbars  were  still  submerged,  indicating  that 
Brant  prefer  to  ingest  grit  when  it  is  in  sus- 
pension. 

Calcium  as  an  essential  resource  should  be 
more  closely  examined  in  grit  and  food  sup- 
plies at  stopover  and  breeding  sites  for  all  spe- 
cies of  migratory  birds.  Similar  studies  of 
newly  hatched  precocial  birds,  which  need 
calcium  most  for  skeletal  development,  would 
also  be  instructive.  Additionally,  calcium  re- 
quirements for  successful  reproduction  and 
the  ability  of  various  species  to  store  and  mo- 
bilize skeletal  calcium  should  be  determined 
precisely. 
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SHORT-TERM  BREEDING  BIRD  RESPONSE  TO  TWO  HARVEST 
PRACTICES  IN  A BOTTOMLAND  HARDWOOD  FOREST 

CHARLES  A.  HARRISON*  ^ AND  JOHN  C.  KILGO^ 


ABSTRACT. — Clearcutting  is  the  preferred  timber  harvest  method  in  bottomland  hardwood  forests  because 
it  is  most  likely  to  result  in  regeneration  of  preferred  species.  However,  clearcutting  generally  has  negative 
impacts  on  forest  birds.  Patch-retention  harvesting  may  provide  similar  silvicultural  benefits,  but  its  effects  on 
birds  are  unknown.  We  surveyed  breeding  birds  in  uncut  control,  clearcut,  and  patch-retention  treatment  areas 
(1  1-13  ha)  for  one  season  prior  to  harvest  and  two  seasons  postharvest  in  a bottomland  hardwood  forest  in  the 
Lower  Coastal  Plain  of  southeastern  South  Carolina.  Bird  observations  recorded  along  line  tran.sects  were  ana- 
lyzed using  the  software  Estimates  to  estimate  species  richness  and  program  Distance  to  estimate  densities.  We 
found  greater  species  richness  and  bird  densities  in  the  patch-retention  treatment  than  in  the  clearcut  in  both 
postharvest  seasons.  We  detected  no  forest-interior  birds  in  the  clearcut  after  the  harvest,  but  by  the  second 
postharvest  season  in  the  patch-retention  treatment,  the  density  of  forest-interior  birds  had  returned  to  approxi- 
mately half  of  its  preharvest  level.  Thus,  based  on  density  response,  patch-retention  harvesting  appears  to  be 
less  detrimental  to  forest  birds  than  clearcutting.  However,  additional  work  is  needed  to  determine  whether 
retained  patches  influence  avian  survival  and  productivity.  Received  30  April  2004,  accepted  30  October  2004. 


Bottomland  hardwood  forests  in  the  south- 
eastern United  States  serve  as  critical  breeding 
habitat  for  numerous  avian  species,  including 
many  considered  by  Partners  in  Flight  to  be 
of  high  conservation  concern  (Hunter  et  al. 
1993,  Rich  et  al.  2004).  Historical  loss  and 
fragmentation  of  these  forests  by  conversion 
to  agriculture,  development,  and  other  activi- 
ties, concurrent  with  possible  functional 
changes  in  the  remaining  forests,  have  likely 
contributed  to  the  reduction  in  bird  popula- 
tions (Pashley  and  Barrow  1993).  According 
to  the  National  Resource  Inventory  of  1992 
(Shepard  et  al.  1998),  the  area  covered  by 
wooded  palustrine  wetlands  in  the  South  de- 
clined by  only  about  1.5%  from  1982  to  1992, 
a marked  reduction  in  the  rate  of  loss  com- 
pared with  that  in  preceding  decades.  Despite 
this  apparent  stabilization  of  forested  wetland 
area,  a much  higher  proportion  of  woodland 
Neotropical  migrant  species  was  in  decline  in 
the  eastern  United  States  over  the  period 
1982-1991  than  during  1966-1979  (Peterjohn 
and  Sauer  1994).  Thus,  some  aspect  of  the 
quality,  not  just  quantity,  of  the  existing  bot- 
tomland hardwood  forest  may  be  a factor  in 
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the  decline  of  birds  (Pashley  and  Barrow 
1993).  Indeed,  much  of  the  extant  bottomland 
hardwood  forest  is  now  in  streamside  man- 
agement zones  and  drainages  <50  m wide 
(Kilgo  et  al.  1998). 

Of  the  approximately  194  million  ha  of  for- 
ested land  in  the  United  States  during  1989, 
85  million  ha  were  in  the  southern  U.S.  (Wig- 
ley  and  Sweeney  1993).  The  forest  products 
industry  (18.8%)  and  individual  landowners 
(71.1%)  combined  held  title  to  nearly  90%  of 
these  forested  lands  (Wigley  and  Sweeney 
1993).  Ownership  of  bottomland  hardwoods 
was  apportioned  in  roughly  the  same  manner, 
and  nearly  20  million  ha  of  non-federally 
owned,  palustrine-forested  wetlands  were 
present  in  the  South  (Shepard  et  al.  1998).  The 
primary  use  of  these  lands  is  for  timber  pro- 
duction (Wigley  and  Sweeney  1993).  If  exist- 
ing bottomland  hardwood  forests  are  to  re- 
main a viable  resource  for  Neotropical  migra- 
tory birds,  management  options  that  minimize 
negative  effects  on  breeding  birds,  but  are  ac- 
ceptable to  the  forest  products  industry  and 
private  landowners,  need  to  be  identified  and 
their  use  eneouraged. 

From  a silvicultural  perspective,  clearcut- 
ting is  the  favored  means  of  harvesting  these 
forests  (Clatterbuek  and  Meadows  1993, 
Meadows  and  Stanturf  1997).  Among  the  rea- 
sons for  its  appeal  is  that  it  is  the  method  that 
best  promotes  regeneration  of  shade-intolerant 
species  such  as  oaks  (Quercus  spp.;  Clatter- 
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f buck  and  Meadows  1993).  The  abundance  of 
shrub-successional  birds,  several  of  which  are 
I of  conservation  concern  (Rich  et  al.  2004),  as 
' well  as  total  bird  abundance,  can  be  as  great 
I or  greater  in  clearcuts  (Hurst  and  Bourland 

I 1996)  and  other  early  successional  habitats 

' (Buffington  et  al.  1997)  as  in  mature  bottom- 
i land  hardwood  forest.  However,  species  rich- 
ness and  diversity  are  highest  in  mature  bot- 
tomland hardwoods  (Hurst  and  Bourland 

1996,  Buffington  et  al.  1997),  and  the  impacts 
of  clearcutting  on  most  species  that  prefer  ma- 
ture forest-interior  conditions  are  negative 
(Hurst  and  Bourland  1996,  Baker  and  Lacki 
1997).  Thus,  we  need  alternatives  to  clearcut- 

I ting  that  retain  the  advantages  for  forest  re- 
I generation  but  that  are  less  damaging  to  bird 
I species  that  inhabit  mature  forest. 

I Several  studies  have  been  conducted  to 
I evaluate  the  impacts  on  birds  of  one  such  al- 
! ternative,  group-selection  harvest.  In  this 
method,  small  groups  of  mature  trees  are 
cleared  from  a stand  at  regular  spacing  inter- 
vals (Meadows  and  Stanturf  1997).  Moorman 
! and  Guynn  (2001)  concluded  that  when  ade- 
quate mature  forest  was  left  unharvested,  the 
abundance  of  most  breeding  forest-interior 
species  was  not  impacted  by  group-selection 
harvest.  Similarly,  Moorman  et  al.  (2002)  de- 
termined that  the  productivity  of  a represen- 
tative forest-interior  species,  the  Hooded  War- 
bler (Wilsonia  cithnci),  was  minimally  affect- 
ed. Kilgo  et  al.  (1999)  concluded  that  group- 
selection  harvest  gaps  benefited  many  species 
I of  migrating  forest-interior  birds  because  they 
used  the  early  successional  patches  during 
,,  passage.  However,  when  applied  in  the  strict- 
est sense  (gap  size  no  greater  than  0.5  ha),  this 
j technique  usually  favors  regeneration  of 
stands  that  are  dominated  by  low-value, 

I shade-tolerant  trees  because  of  limitations  on 
( light  availability  (Meadows  and  Stanturf 
I 1997). 

I Two-age  harvest  prescriptions,  in  which  a 
[ predetermined  quantity  of  basal  area  is  re- 

I tained  in  an  even  distribution  across  the  site 
I (a  modification  of  the  shelterwood  method), 
have  also  been  evaluated  (Baker  and  Lacki 

1997,  Norton  and  Hannon  1997,  Duguay  et  al. 
2001 ).  In  Kentucky,  such  prescriptions  did  not 
alleviate  negative  effects  of  clcarcuttifig  on  the 
abundance  of  certain  forest-interior  birds,  but 
some  indices  of  bird  community  structure 


were  higher  in  harvested  areas  (Baker  and 
Lacki  1997).  In  Canadian  boreal  forest,  seven 
of  eight  bird  species  lost  from  clearcuts  were 
retained  at  low  abundance  levels  in  partial 
cuts  (Norton  and  Hannon  1997).  In  hardwood 
forests  of  West  Virginia,  avian  abundance  and 
nesting  success  were  comparable  for  most 
bird  species  tested  among  control  areas,  two- 
age  harvest,  and  clearcut  treatments  15  years 
after  harvest  (Duguay  et  al.  2001).  Both  Nor- 
ton and  Hannon  (1997)  and  Duguay  et  al. 
(2001)  concluded  that  the  two-age  method 
was  a viable  conservation  alternative.  How- 
ever, from  a timber  management  perspective, 
shelterwood  methods  can  be  difficult  to  im- 
plement because  of  the  critical  importance  of 
choosing  the  appropriate  establishment  cutting 
intensity  (Meadows  and  Stanturf  1997). 

A third  alternative,  representing  a hybrid  of 
group  selection  and  clearcutting  methods,  is 
patch-retention  harvest,  in  which  residual 
trees  and  snags  are  retained  in  small  patches 
that  mimic  or  actually  represent  remnants  of 
the  original  forest.  Patch-retention  harvesting 
is  appealing  to  forest  managers,  because  leav- 
ing patches  of  uncut  forest  is  operationally 
easier  (for  equipment  such  as  feller-bunchers) 
than  attempting  to  retain  a high  basal  area  of 
more  evenly  distributed  trees  (Tittler  et  al. 
2001;  J.  P.  Martin,  MeadWestvaco  Corpora- 
tion, pers.  comm.).  Additionally,  the  incidence 
of  windthrow  may  be  lower  for  trees  in  patch- 
es compared  with  isolated  residual  trees.  Re- 
ported impacts  to  forest  bird  communities 
have  been  less  severe  in  patch-retention  har- 
vests than  in  clearcuts  within  boreal  forests  of 
Canada  (Schieck  et  al.  2000,  Tittler  et  al. 
2001)  and  aspen  forests  in  Minnesota  (Merrill 
et  al.  1998).  However,  this  method  has  not 
been  widely  tested. 

Our  objective  was  to  compare  the  effects 
on  bird  species  composition  of  retaining 
patches  of  bottomland  hardwood  forest  within 
a clearcut  with  performing  a traditional  clear- 
cut  or  leaving  the  Idlest  intact  (unharvested 
control).  In  particular,  we  addressed  whether 
the  responses  of  individual  species  and/or  av  i- 
an habitat-use  groups  differed  between  a 
patch-retention  cut  and  a clearcut  area,  and 
whether  bird  species  composition  changed  in 
these  areas  from  preharvest  to  2 years  post- 
harvest. In  effect,  we  sought  to  determifie 
whether  bird  species  composition  of  the 
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patch-retention  area  more  closely  resembled 
that  of  the  unharvested  control,  particularly 
with  respect  to  birds  that  depend  on  mature 
forest-interior  habitat. 

METHODS 

The  study  was  conducted  on  a 350-ha  area 
located  in  the  Lower  Coastal  Plain  of  south- 
eastern South  Carolina  on  the  floodplain  of  the 
fourth-order,  blackwater  Coosawhatchie  River 
(Burke  et  al.  2003),  a relatively  small,  anas- 
tomosing stream  that  drains  an  area  of  ap- 
proximately 1,000  km^.  Topography  in  the 
low-relief  (<2  m)  floodplain  is  characterized 
by  a network  of  slightly  elevated  hummocks 
and  scour  channels  (Burke  et  al.  2003).  Water 
tupelo  {Nyssa  aquatica),  swamp  tupelo  {N. 
sylvatica  var.  hiflora),  sweetgum  {Liquidam- 
har  styraciflua),  bald  cypress  (Taxodium  dis- 
tichum),  laurel  oak  {Quercus  laurifoUa),  and 
red  maple  {Acer  rubrum)  dominate  the  plant 
communities  of  the  floodplain  (Burke  et  al. 
2000).  Where  present,  the  understory  (in  un- 
disturbed forest)  consists  of  widely  scattered 
patches  of  Vaccmium  spp.,  Sabal  minor,  and 
Anindinaria  gigantecr,  very  little  under-  or 
midstory  structure  exists. 

Three  1 1 - to  1 3-ha  treatment  areas  were  es- 
tablished in  the  fall  of  1999:  an  uncut  control, 
a patch-retention  area,  and  a clearcut.  This 
size  range  approximated  an  operational  har- 
vest. The  three  treatment  areas  were  arranged 
linearly,  parallel  to  the  direction  of  water  flow. 
They  were  approximately  equidistant  (300— 
400  m)  from  the  main  body  of  the  Coosa- 
whatchie River  and  were  similar  with  respect 
to  soils,  hydrology,  and  preharvest  plant  com- 
munities (Burke  et  al.  2000,  Eisenbies  and 
Hughes  2000,  Murray  et  al.  2000).  A 100-m 
forested  buffer  separated  the  patch-retention 
from  the  clearcut  area,  with  a somewhat  nar- 
rower and  more  irregular  buffer  between  the 
uncut  control  and  patch-retention  areas.  In  the 
patch-retention  treatment,  three  “patches”  of 
two  sizes  (two  0.20  ha  and  one  0.61  ha)  were 
left  uncut,  one  each  in  an  area  representative 
of  a convex,  concave,  or  flat  landform.  Thus, 
1.01  ha  of  forest  was  retained  within  the  13.1- 
ha  patch-retention  treatment  area.  Using  the 
average  basal  area  for  the  study  site  (46  m7 
ha;  Burke  et  al.  2003),  the  residual  basal  area 
of  the  patch-retention  treatment  was  3.6  mV 
ha. 


We  surveyed  breeding  birds  along  line  tran- 
sects (Bibby  et  al.  2000)  for  1 year  preharvest 
(1999)  and  2 years  postharvest  (2000-2001). 
We  arranged  transects  such  that  each  treat- 
ment area  was  completely  covered  without 
duplication  of  coverage,  assuming  a 50-m  de- 
tection zone  on  each  side  of  the  line.  We  con- 
ducted three  to  four  counts  each  year  between 
15  May  and  1 1 June.  Single-observer  surveys 
began  around  06:00  EST  and  continued  until 
all  treatments  had  been  surveyed,  usually 
around  1 1 :00.  During  each  survey,  the  ob- 
server proceeded  along  the  transect,  stopping 
only  to  record  detections.  The  observer 
mapped  locations  of  all  birds  encountered  by 
sight  and/or  sound  and  estimated  the  perpen- 
dicular distance  (0—50  m,  to  the  nearest  10  m) 
from  the  transect  line  to  detected  individuals. 
To  account  for  the  potentially  confounding  ef- 
fect of  time  of  day,  we  varied  the  order  in 
which  the  treatments  were  surveyed. 

We  estimated  species  richness  using  the 
software  Estimates,  ver.  6. Obi  (Colwell 

1997) .  Based  on  detection  data,  this  program 
provides  values  for  several  species-richness 
estimators.  We  present  the  first-order  jack- 
knife estimates  because  they  are  robust  and 
have  performed  well  in  other  studies  (as  cited 
in  Nichols  et  al.  1998,  Hellmann  and  Fowler 
1999).  We  obtained  density  estimates  using 
program  Distance,  ver.  3.5  (Thomas  et  al. 

1998) .  We  used  grouped  data  (10-m  intervals) 
stratified  by  treatment  and  year.  Although  they 
were  not  independent,  we  treated  each  visit  to 
a given  treatment  within  a season  as  a “rep- 
licate.” Upon  determination  of  the  most  ap- 
propriate model  for  the  detection  function 
(uniform,  half-normal,  or  hazard  rate)  using 
likelihood  ratio  tests.  Distance  provides  an  es- 
timate of  density  and  error  (Buckland  et  al. 
1993).  Because  Distance  bases  each  density 
estimate  on  a unique  detection  function,  the 
estimates  can  be  compared  among  sites  with 
differences  in  detectability.  We  tested  for  an- 
nual differences  in  estimated  density  within 
each  treatment  area  by  determining  whether 
the  95%  confidence  intervals  overlapped;  we 
accepted  as  different  those  confidence  inter- 
vals that  did  not  overlap  (Hodges  and  Kre- 
mentz  1996).  We  compared  density  estimates 
for  all  birds  combined,  for  individual  species 
with  at  least  25  observations,  and  for  four  avi- 
an habitat-use  groups:  forest  interior  (I),  in- 


Harrison  and  Kilgo  • BIRD  RESPONSE  TO  HARVEST  PRACTICES 


317 


terior-edge  (I-E),  field-edge  (F-E),  and  edge- 
shrub  (E-S)  (Whitcomb  et  al.  1981). 

Logistical  constraints  prevented  us  from 
replicating  our  treatment  units  in  an  experi- 
mental manner;  harvesting  multiple  units  on 
the  study  area  was  not  feasible  or  desirable 
for  the  landowner.  We  used  a before-after, 
control  impact  (BACI)  design  (Johnson  2002), 
in  which  we  sampled  both  before  and  after  the 
harvest  treatments  on  both  control  and  treat- 
ment areas.  This  design  was  used  in  an  at- 
tempt to  minimize  the  effect  of  variables  un- 
related to  the  treatments.  Nevertheless,  our  re- 
sults must  be  viewed  with  caution,  since — 
lacking  replication — we  do  not  know  whether 
they  would  be  applicable  on  other  sites. 

RESULTS 

Prior  to  the  harvest  (1999),  the  estimated 
species  richness  of  breeding  birds  was  lower 
in  the  control  area  than  in  the  patch-retention 
area  (Fig.  1).  However,  we  could  not  make 
statistical  comparisons  between  the  estimate 
from  the  clearcut  area  in  1999  with  the  others, 
because  it  had  a variance  of  0 (the  first-order 
jackknife  estimator  uses  the  number  of  unique 
species  recorded  on  multiple  visits;  since  we 
detected  two  unique  species  on  each  visit,  the 
variance  of  these  identical  values  was  0).  Es- 
timated total  density  did  not  differ  among  the 
three  treatment  areas  prior  to  harvest  (Fig.  1 ). 

Following  harvest,  total  density  was  similar 
and  species  richness  actually  increased  in  the 
uncut  control  area.  However,  both  measures 
declined  immediately  after  harvest  (2000)  in 
both  the  clearcut  and  patch-retention  areas 
(Fig.  1).  The  decrease  was  especially  large  in 
the  clearcut,  where  estimated  species  richness 
declined  from  25.0  to  9.3,  and  estimated  den- 
sity fell  from  33.0  to  2.8  pairs/ 10  ha.  In  the 
second  postharvest  year  (2001),  density  in- 
creased in  both  the  clearcut  (Fig.  1 ) and  patch- 
retention  (nonsignilicantly ) areas.  Species 
richness  rebounded  in  the  patch-retention 
area,  rising  from  15.3  to  25.0,  but  not  in  the 
clearcut.  F^'rom  preharvest  to  2 years  posthar- 
vest in  the  clearcut,  15  species  of  the  forest- 
interior  or  interior-edge  groups  disappeared, 
whereas  5 species  of  these  groups  disappeared 
in  the  patch-retention  area  ( fables  1 and  2). 
During  the  postharvest  period,  species  com- 
position also  changed  in  both  treatments.  In 
the  clearcut,  only  2 of  1 1 (189F)  species  de- 


Species  richness 

35  r - — - --  - 


Uncut  control  Clearcut  Patch  retention 
Treatment 


Density 

60  T 


50 


Uncut  control  Clearcut  Patch  retention 


Treatment 

FIG.  1.  Species  richness  and  density  (mean  ± 95% 
confidence  intervals)  for  breeding  birds  in  three  har- 
vest treatment  areas  in  a bottomland  hardwood  forest 
in  South  Carolina,  1999-2001.  No  confidence  interval 
is  given  for  species  richness  in  the  clearcut  area  in 
1999  because  the  variance  was  0 (see  text  for  expla- 
nation). 


tected  postharvest  were  recorded  in  both  post- 
harvest seasons  (Tables  1 and  2),  whereas  in 
the  patch-retention  area,  11  of  the  21  (52%) 
species  detected  postharvest  were  recorded  in 
both  seasons. 

In  the  patch-retention  area,  35  of  43  (81%) 
birds  observed  in  2()()()  were  recorded  within 
retained  forest  patches,  but  in  2001,  only  37 
ol'  89  (42%)  observations  occurred  in  retained 
forest  patches.  Although  the  total  number  tif 
birds  observed  in  the  patch-retention  area  es- 
sentially doubled,  the  number  ol'  birds  ob- 
served within  the  retained  patches  remained 
about  the  same. 

We  estimated  densities  for  1 1 species  (Ta- 
ble 1 ).  Iiuli\  idual  species  appeared  to  respond 
to  the  clearcut  treatment  in  different  ways. 
T hree  of  the  1 1 species  had  disappeared  after 


TABLE  1.  Densities  [pairs/10  ha  (95%  confidence  interval)]  of  selected  bird  species  in  uncut  control,  clearcut,  and  patch-retention  treatment  areas  in  a bottomland 
hardwood  forest  in  South  Carolina,  1999-2001.  Bold-faced  entries  (within  treatment  areas)  are  significantly  different  from  the  1999  value. 
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(Geothlypis  trichas)  (4.81-11.0)  (4.36-11.3) 

Edge-shrub  species 

Indigo  Bunting  (27)  0 0 0 0.29  0 2.37  0 0 5.25 

(Passerina  cyanea)  (0.01-10.3)  (1.37-4.10)  (2.21-12.5) 
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TABLE  2.  Number  of  bird  observations  in  uncut  control,  clearcut,  and  patch-retention  treatment  areas  in  a 
bottomland  hardwood  forest  in  South  Carolina,  1999-2001.  Included  are  all  species  not  analyzed  using  program 
Distance  (Thomas  et  al.  1998). 

Species 

Uncut  control 
1999  2000  2001 

1999 

Clearcut 

2000 

2001 

Patch  retention 
1999  2000  2001 

Eorest-interior  species 

Barred  Owl  {Strix  varia) 

0 

0 

1 

0 

0 

0 

0 

0 

0 

Pileated  Woodpecker  {Dryocopos  pileatus) 

2 

1 

5 

0 

0 

0 

0 

0 

1 

White-breasted  Nuthatch  {Sitta  carolinensis) 

0 

11 

6 

1 

0 

0 

2 

0 

2 

Pine  Warbler  (Dendroica  pinus) 

0 

0 

0 

2 

0 

0 

1 

0 

0 

American  Redstart  (Setophaga  ruticilla) 

0 

0 

1 

0 

0 

0 

0 

0 

0 

Ovenbird  (Seiurus  aurocapilla) 

0 

0 

1 

0 

0 

0 

0 

0 

0 

Kentucky  Warbler  (Oporomis  formosus) 

0 

0 

3 

0 

0 

0 

0 

0 

0 

Hooded  Warbler  (Wilsonia  citrina) 

0 

1 

0 

0 

0 

0 

0 

0 

0 

Interior-edge  species 

Yellow-billed  Cuckoo  (Coccyzus  americanus) 

4 

0 

2 

3 

0 

0 

3 

0 

0 

Downy  Woodpecker  (Picoides  pubescens) 

3 

7 

8 

2 

0 

0 

0 

3 

0 

Eastern  Wood-Pewee  {Contopus  virens) 

0 

1 

0 

0 

0 

0 

0 

4 

1 

White-eyed  Vireo  {Vireo  griseus) 

1 

2 

0 

0 

1 

0 

1 

0 

0 

Yellow-throated  Vireo  {Vireo  flavifrons) 

3 

4 

4 

4 

0 

0 

0 

0 

1 

Blue  Jay  {Cyanocitta  cristata) 

0 

0 

0 

2 

0 

0 

1 

0 

0 

Prothonotary  Warbler  {Protonotaria  citrea) 

1 

5 

2 

5 

0 

0 

2 

0 

0 

Summer  Tanager  {Piranga  rubra) 

0 

2 

5 

1 

0 

0 

0 

2 

1 

Northern  Cardinal  {Cardinalis  cardinalis) 

5 

1 

1 

4 

2 

3 

1 

1 

4 

Edge-shrub  species 

Red-headed  Woodpecker  {Melanerpes  erythrocephalus) 

0 

2 

0 

0 

0 

0 

1 

0 

0 

Field-edge  species 

Killdeer  {Charadrius  vociferus) 

0 

0 

0 

0 

0 

0 

0 

2 

0 

American  Crow  {Corvus  brachyrhynchos) 

3 

2 

2 

2 

0 

0 

3 

0 

1 

Yellow-breasted  Chat  {Icteria  virens) 

0 

0 

1 

0 

0 

0 

0 

0 

0 

Eastern  Towhee  {Pipilo  erythrophthalmus) 

0 

0 

1 

0 

0 

0 

0 

0 

0 

Field  Sparrow  {Spizella  pusilla) 

0 

0 

0 

0 

0 

0 

0 

0 

1 

Blue  Grosbeak  {Passerina  caerulea) 

0 

0 

0 

0 

0 

2 

0 

0 

0 

Wetland  species 

Wood  Duck  {Aix  sponsa) 

0 

0 

0 

1 

0 

0 

0 

0 

0 

the  hrst  postharvest  year,  and  seven  (e.g.,  Aca- 
dian Flycatcher,  Empidonax  virescens;  Red- 
eyed Vireo,  Vireo  o/ivaceus;  and  Northern  Pa- 
rula,  Parula  americanw,  all  Neotropical  mi- 
grants) had  disappeared  by  the  second  post- 
harvest year.  Only  two  species  detected  more 
than  once  before  the  harvest,  Carolina  Wren 
(Thryothorus  ludovicianus)  and  Blue-gray 
Gnatcatcher  {Polioptila  caerulca),  used  the 
clearcLit  in  the  second  postharvest  year.  Final- 
j ly.  Common  Yellowthroat  {Geotidypis  tricluis) 
I and  Indigo  Bunting  ( Passerina  cycinca), 
j which  were  essentially  absent  preharvest 

^ (only  one  observation  of  Indigo  Bunting  in 
I 1999)  and  in  the  first  postharvest  .season,  col- 
onized the  clearcut  in  the  second  postharvest 


year  and  accounted  for  70%  of  the  total  ob- 
servations. 

In  the  patch-retention  treatment,  as  in  the 
clearcut,  the  abundance  of  most  species  we 
analyzed  appeared  to  decline  in  the  first  post- 
harvest year,  but  only  Acadian  Flycatcher  was 
not  observed  at  all.  During  the  second  post- 
harvest season,  however,  abundance  of  most 
species  stabilized  or  rebounded  slightly:  for  9 
of  I I species,  densities  in  2001  were  not  sig- 
nificantly less  than  those  in  1999.  Common 
Yellowthroat  and  Indigo  Bunting,  absent  dur- 
ing the  preharvest  and  the  first  postharvest 
seasons,  accounted  for  40%  of  the  total  ob- 
servations in  this  treatment  during  the  second 
postharvest  year. 
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PIG.  2.  Densities  of  avian  habitat-use  groups 
(mean  ± 95%  confidence  intervals)  in  three  harvest 
treatment  areas  in  a bottomland  hardwood  forest  in 
South  Carolina,  1999-2001.  I = Porest  Interior,  I-E  = 
Interior-Edge,  P-E  = Pield-Edge,  and  E-S  = Edge- 
Shrub. 


Density  estimates  within  each  of  the  four 
habitat-use  groups  did  not  differ  over  the  3 
years  in  the  uncut  control  area  (Fig.  2).  How- 
ever, in  both  the  clearcut  and  patch-retention 
areas,  the  density  of  the  forest-interior  group 
declined  in  the  hrst  postharvest  year.  In  the 
second  postharvest  year,  density  of  forest-in- 
terior birds  rebounded  in  the  patch-retention 
area,  but  not  in  the  clearcut.  Density  of  the 
forest-interior  group  was  also  greater  in  the 
patch-retention  area  than  in  the  clearcut  in  the 


second  postharvest  season.  The  density  of  the 
edge-shrub  group  increased  in  both  of  these 
treatment  areas  in  the  second  postharvest  year, 
due  primarily  to  the  abundance  of  Indigo  Bun- 
tings (Table  1 ). 


DISCUSSION 

Retention  of  patches  of  forest  within  an  oth- 
erwise clearcut  area  appears  to  enhance  post- 
harvest forest  bird  diversity  compared  to  that 
in  clearcuts  without  such  patches  (Merrill  et 
al.  1998,  Schieck  et  al.  2000).  We  observed 
greater  species  richness  and  overall  bird  den- 
sities in  the  patch-retention  treatment  area 
than  in  the  clearcut  in  both  2000  and  2001.  A 
high  percentage  of  the  total  bird  detections  in 
the  patch-retention  area  were  recorded  inside 
retained  patches.  By  the  second  postharvest 
year,  the  estimated  density  of  the  forest-inte- 
rior group  in  the  patch-retention  area  had  re- 
covered to  approximately  half  that  in  the  un- 
cut control,  whereas  in  the  clearcut,  no  indi- 
viduals of  this  group  were  detected.  These 
hndings  corroborate  the  results  of  studies 
from  other  regions.  For  example,  in  aspen  for- 
ests of  northern  Minnesota,  Merrill  et  al. 
(1998)  found  high  bird  diversity  in  0.54-ha 
patches  within  clearcuts  that  averaged  14.6  ha. 
Similarly,  the  overwhelming  majority  of  birds 
detected  in  our  postharvest  patch-retention 
area  (excluding  Common  Yellowthroat  and 
Indigo  Bunting)  occurred  inside  the  patches. 
Merrill  et  al.  (1998)  noted  that  birds  using  re- 
tained patches  did  not  necessarily  nest  there 
but  used  them  for  foraging,  singing,  or  other 
activities.  In  boreal  forest  of  Alberta,  Canada, 
avian  community  composition  in  harvested 
sites  was  most  similar  to  that  of  unharvested, 
old  growth  sites  when  retained  trees  and  snags 
included  large  trees  and  were  clumped  togeth- 
er (Schieck  et  al.  2000).  Such  clumps  may 
have  resembled  the  original  forest  by  preserv- 
ing some  of  its  structure  and  microclimates 
(Schieck  et  al.  2000). 

The  harvested  portions  of  both  the  clearcut 
and  patch-retention  areas  had  been  colonized 
by  early  successional  species  (e.g..  Common 
Yellowthroat,  Indigo  Bunting)  by  the  second 
postharvest  year.  Their  appearance  in  the  sec- 
ond year  after  harvest  was  not  unexpected,  as 
at  least  one  growing  season  is  required  for  es- 
tablishment of  early  successional  grasses  and 
forbs.  Moorman  and  Guynn  (2001)  also  re- 
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ported  these  species  in  small  group-selection 
cuts  in  bottomland  hardwoods  during  the  sec- 
ond postharvest  year.  Migratory  songbirds 
may  discover  potential  future  breeding  habitat 
during  the  season-ending  dispersal  phase  and 
return  there  the  following  year  (Brewer  and 
Harrison  1975,  Morton  1992). 

We  suggest  that  patch-retention  timber  har- 
vest may  be  more  desirable  than  clearcutting 
when  landowners  are  interested  in  maintaining 
songbird  habitat,  and  that  its  impacts  on  bird 
populations  warrant  further  investigation. 
Patch-retention  harvesting  offers  some  of  the 
silvicultural  advantages  of  clearcutting,  but 
maintains  elements  of  the  preharvest  stand 
that  are  apparently  attractive  to  songbirds.  Our 
findings  indicate  that,  to  some  degree,  the  re- 
sidual patches  of  forest  continue  to  be  used  by 
forest  birds,  while  the  surrounding  clearcut 
portion  provides  suitable  habitat  for  edge- 
shrub  and  other  early  successional  species. 

That  the  densities  of  many  birds  did  not  dif- 
fer in  the  patch-retention  area  before  and  after 
harvest  does  not  necessarily  indicate  that  the 
habitat  quality  was  similar  (Van  Horne  1983). 
Site  fidelity  among  individual  birds  may  ex- 
plain some  use  of  the  patches  after  harvest 
(though  not  the  increased  use  in  the  second 
postharvest  year),  even  if  the  quality  of  the 
patches  was  poor.  Whether  retained  forest 
patches  have  negative  impacts  on  avian  pop- 
ulation dynamics  is  unclear,  as  our  study  did 
not  address  this  question.  Field-forest  edges 
may  be  ecological  traps  for  birds  by  concen- 
trating nesting  activity  but  also  attracting  nest 
predators  (Gates  and  Gysel  1978).  Similarly, 
the  patches  may  provide  perches  for  Brown- 
headed Cowbirds  (Molothnis  ater),  facilitat- 
ing parasitism  of  nearby  nests.  Thus  our  re- 
tention patches,  with  their  high  edgc:area  ra- 
tios, could  possibly  have  functioned  as  pop- 
ulation sinks.  However,  studies  in  which  the 
effect  of  variable  tree  retention  (two-age  type 
harvests)  on  nesting  success  has  been  exam- 
ined have  generally  found  little  or  no  evidence 
for  such  a phenomenon  (Tittler  and  Hannon 
2()()(),  Duguay  et  al.  2001,  Stuart-Smith  and 
Hayes  2003),  and  cowbird  parasitism  rates  in 
southeastern  forests  are  low  (Kilgo  and  Moor- 
man 2003).  Nevertheless,  avian  producti\ity 
in  residual  forest  patches  such  as  those  in  our 
patch-retention  treatment  has  yet  to  be  deter- 


mined, and  this  issue  should  be  the  focus  of 
future  research. 
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CORRELATES  OE  EALL-SPRING  MASS  DYNAMICS 
OE  NORTHERN  BOBWHITES 

TIM  L.  HILLER'  2 ' AND  FRED  S.  GUTHERY' 


ABSTRACT. — We  examined  the  relationship  of  trends  in  fall-spring  mass  of  330  Northern  Bobwhites  {Col- 
inns  virginianiis)  with  photoperiod,  air  temperature,  energy  requirements,  and  supplemental  feeding  in  the  Texas 
Panhandle  during  2000-2003.  Mass  of  bobwhites  increased  from  September  to  December,  at  which  point  it 
peaked  and  then  decreased  through  March.  Mean  monthly  mass  was  negatively  correlated  with  photoperiod  (r 
= —0.89)  and  temperature  (r  = —0.79)  and  positively  correlated  with  energy  required  (r  = 0.79;  estimated  using 
air  temperature).  From  September  to  March,  bobwhites  occupying  areas  where  supplemental  feed  was  provided 
in  = 246)  were  greater  in  mass  (x  = 193.4  g,  95%  CL  = 191.6-195.1)  than  bobwhites  in  areas  without 
supplemental  feed  (x  = 186.5  g,  95%  CL  = 184.0-189.0,  n = 84),  but  mean  monthly  mass  was  different  only 
during  November  (jc  = 197.8  g,  95%  CL  = 195.3-200.3  for  food-supplemented;  x = 188.0  g,  95%  CL  = 185.0- 
191.0  for  unsupplemented).  Abiotic  factors,  such  as  photoperiod  and  temperature,  are  confounding  factors  when 
attempting  to  explain  fall  and  winter  trends  of  bobwhite  mass.  Temporal  changes  in  activities  (daily  foraging, 
nocturnal  roosting)  and  their  energetic  costs  (e.g.,  thermoregulation)  also  complicate  issues  of  trends  in  mass. 
Received  12  April  2004,  accepted  17  October  2004. 


Abiotic  factors  have  a profound  influence 
on  a species’  distribution  and  success  (e.g., 
reproductive  success;  Putman  and  Wratten 
1984).  For  example,  temperatures  ean  limit  a 
species’  distribution  as  a result  of  the  species’ 
energy  requirements  (e.g.,  consuming  and 
converting  forage  at  a rate  high  enough  for 
survival  during  low  temperatures)  and  thermal 
tolerances.  Similarly,  photoperiod  affects  be- 
havior by  limiting  the  length  of  activity  peri- 
ods (e.g.,  time  available  for  foraging).  Ther- 
mal tolerances,  energy  requirements,  and  be- 
havioral activities  all  seem  to  have  a relation- 
ship with  body  mass. 

Bergmann’s  Rule  (Allee  et  al.  1949:119- 
120)  states  that  there  is  a positive  relationship 
between  body  mass  and  latitude  within  a spe- 
cies’ geographical  distribution,  with  certain 
exceptions  (e.g.,  migratory  birds).  There  is 
eonsiderable  evidence  that  this  rule  applies  to 
Northern  Bobwhites  (Colinus  virginiamis\  Le- 
opold 1945,  Hamilton  1957,  Ripley  1960,  Re- 
bel and  Linderman  1966,  Guthery  2000:fig. 
18a).  Seasonal  differences  in  mass  of  bob- 
whites  also  exist  (Robinson  1957).  Conse- 
quently, spatial  and  temporal  effects  must  be 
considered  when  making  comparisons  of  bob- 
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white  mass.  Also,  avian  physiology  and  be- 
havior combine  with  environmental  factors  to 
influence  mass  dynamics  (Baldwin  and  Ken- 
deigh  1938). 

Mass  has  certain  thermal  consequences  that 
relate  to  energetics  (e.g.,  thermal  inertia  and 
the  energetic  costs  of  thermoregulation).  Allee 
et  al.  (1949:119)  noted  that  mass  differenees 
due  to  latitude  are  “usually  interpreted  in  re- 
lation to  heat  conservation  in  the  north  and  to 
heat  radiation  in  the  south.’’  Essentially,  great- 
er mass  is  advantageous  in  northern  latitudes 
(heat  conservation),  while  the  opposite  holds 
in  southern  latitudes  (heat  dissipation).  Al- 
though Allee  et  al.  (1949)  were  relating  mass 
to  latitude,  their  statement  may  apply  to  the 
thermal  advantages  of  seasonal  variations  in 
mass,  as  well  (i.e.,  increasing  mass  during 
winter  and  deereasing  mass  during  summer). 

Case  and  Robel  (1974)  speculated  that  mass 
of  bobwhites  may  be  affected  by  the  duration 
of  activity  periods  and  environmental  temper- 
atures. Others  have  also  discussed  the  rela- 
tionships between  bobwhite  mass  and  photo- 
period (Kirkpatrick  1957,  Robinson  1957:49- 
50),  season  (Hamilton  1957),  and  supplemen- 
tal feeding  (Robel  1972),  but  there  is  no  com- 
prehensive work  that  addresses  these  issues 
for  bobwhites.  Our  objectives  were  to  attempt 
to  explain  trends  of  mass  in  bobwhites  during 
fall  and  winter  relative  to  photoperiod,  tem- 
perature, energetics,  and  supplemental  feed- 
ing. 
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METHODS 

This  study  was  conducted  in  the  Tallahone 
Pasture  (802  ha)  of  the  Mesa  Vista  Ranch 
(11,330  ha)  in  the  Panhandle  of  Texas  from 
September  to  March  2001-2003.  The  ranch, 
27  km  north  of  Pampa,  Texas,  in  Roberts 
County,  has  a 200-day  growing  season  and  re- 
ceives an  average  52.6  cm  of  precipitation  an- 
nually (Odintz  1996).  Average  maximum  and 
minimum  daily  temperatures  are  34°  C in  July 
and— 7°  C in  January,  respectively  (Odintz 
1996).  The  climate  is  classified  as  steppe: 
winters  are  dry  and  typically  mesothermal,  al- 
though occasionally  a microthermal  winter  oc- 
curs (Jordan  et  al.  1984:fig.  2.19).  The  vege- 
tation is  classified  as  Rolling  Plains  (Gould 
1975:fig.  1);  grasses  included  little  bluestem 
(Schizachyrium  scoparium),  big  bluestem  {An- 
dropogon  gerardii),  western  wheatgrass  (Ely- 
miis  smithii),  and  switchgrass  {Panicum  vir- 
gatum);  forbs  included  annual  buckwheat  (Er- 
I iogonum  annuum),  western  ragweed  {Ambro- 
I sia  psilostachya),  and  Texas  croton  {Croton 
texensis);  woody  species  included  sand  sage- 
1 brush  {Artemisia  filifolia),  cottonwood  {Po- 
I pidus  deltoides),  sand  plum  {Primus  augusti- 
i folia),  saltcedar  {Tamarix  gallica),  and  fra- 
grant sumac  {Rhus  aromatica);  other  promi- 
I nent  species  were  plains  pricklypear  {Opuntia 
j rnacrorhiza)  and  plains  yucca  {Yucca  glauca). 
The  area’s  major  soil  type  derives  from  geo- 
logical depositions  of  Late  Cenozoic  High 
! Plains  alluvium,  featuring  dark  loamy  molli- 
I sols  (Jordan  et  al.  1984:37-38). 

Tallahone  Creek,  which  bisects  the  Talla- 
hone Pasture  study  area,  serves  as  an  ecolog- 
ical barrier  for  bobwhite  populations  (west 
and  east  sides  of  the  creek).  Bobwhites  rarely 
crossed  from  one  side  to  the  other  (<15  oc- 
casions in  >9,200  radiolocations  during  Oc- 
tober 2000-July  2003;  Guthery  et  al.  2004) 
because  of  dense,  decadent  stands  of  switch- 
grass  >300  m wide  that  apparently  inhibited 
bobwhite  movements  between  feeder  treat- 
ments. 

The  two  sides  of  J'allahone  creek  differed 
with  respect  to  bobwhite  habitat,  which  con- 
sisted of  mottes  and  stands  of  sand  plum  and/ 
or  fragrant  sumac  (Puckett  2002).  'fliis  cover 
type  composed  25.2%  of  the  west  side  aiul 
j 1 1.2%  of  the  east  side.  Sand  sagebrush  com- 
munities occupied  33.5%  of  the  west  and 


39.6%  of  the  east  side.  The  balance  of  habitat 
types  consisted  primarily  of  grass  bottomland, 
riparian,  and  shallow  upland  cover. 

The  Tallahone  Pasture  had  40  permanent, 
stationary  feeders  filled  with  a mixture  of  ce- 
real grains  (cracked  corn,  milo,  wheat)  during 
October  through  March  each  winter.  The  feed 
bins  (gravity  flow)  were  on  pedestals  about  1 
m above  the  ground.  Feeders  were  placed 
along  ranch  roads  (about  100-400  m apart)  in 
mottes  of  fragrant  sumac  or  sand  plum.  Sup- 
plement was  also  spread  along  major  ranch 
roads  2X  per  week  during  the  same  period.  To 
reduce  the  amount  of  feed  consumed  by 
white-tailed  deer  {Odocoileus  virginianus), 
ranch  personnel  fitted  feeders  with  external 
guards  during  winter  2002-2003. 

We  used  a crossover  design  (east  and  west 
sides  of  the  creek)  to  determine  the  effects  of 
food  supplementation  on  the  mass  of  bob- 
whites.  During  the  winter  of  2000-2001,  sup- 
plemental feed  was  present  on  both  sides  of 
Tallahone  Creek  (21  feeders  on  the  west,  17 
ha/feeder;  19  on  the  east,  23  ha/feeder).  Dur- 
ing the  winter  of  2001-2002,  food  supple- 
mentation occurred  on  the  east  side  of  the 
creek  only,  whereas  during  the  winter  of 
2002-2003,  feeding  occurred  on  the  west  side 
only.  Thus,  we  had  a pretreatment  comparison 
when  supplemental  feed  was  present  simulta- 
neously on  both  sides  as  well  as  a crossover 
of  treatments  to  cancel  out  possible  effects  of 
differences  between  the  east  and  west  sides  of 
Tallahone  Creek.  To  test  for  effects  of  supple- 
mental feeding,  we  grouped  mass  data  into 
supplemented  (winter  2000-2001,  both  sides: 
winter  2001-2002,  east  side;  winter  2002- 
2003,  west  side)  and  unsupplemented  (winter 
2001-2002,  west  side;  winter  2()()2-20()3,  east 
side)  birds. 

We  used  live  traps  to  capture  bobwhites 
(Stoddard  1 93  1 :442-445,  Schemnitz  1 994) 
from  September  through  March  200 1-2003. 
Traps  were  baited  with  a milo-corn  mixture 
and  checked  twice  daily  (mid-morning  and 
just  before  dusk)  to  minimize  stress  and  injury 
to  birds.  We  leg-banded  and  radio-marked  a 
subset  of  captured  individuals  as  part  of  a 
larger  study  of  bobwhite  ecology.  We  used 
night  lighting  (Labisky  1968)  to  capture  anti 
radio-mark  t|uail  that  were  roosting  with  pairs 
or  coveys  with  ^1  ratlio-marked  individual. 

Individuals  were  classilied  as  juvenile  or 
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adult  on  the  basis  of  coloration  of  the  primary 
covert  tips,  and  they  were  sexed  according  to 
throat-patch  coloration  (Johnsgard  1975:81, 
84).  Individual  birds  were  placed  in  a nylon 
stocking  (<2  g)  and  weighed  to  the  nearest 
gram  using  a spring  scale  (Pesola  AG,  Baar, 
Switzerland).  Measurements  were  not  correct- 
ed for  the  additional  mass  of  the  nylon  stock- 
ing or  food  in  the  crop.  Data  for  juveniles 
(hatch-year  birds)  included  only  individuals 
that  had  molted  the  eighth  primary,  indicating 
that  they  were  >150  days  old  (Rosene  1969: 
46).  Mass  measurements  were  taken  only 
upon  initial  capture  of  each  bird.  Data  were 
grouped  by  month. 

Although  supplement  availability  started  in 
October  of  each  year,  we  used  September  as 
a pretreatment  month  from  which  to  start  our 
analyses.  We  examined  photoperiod  (i.e.,  time 
period  from  dawn  to  dusk)  and  air  temperature 
as  possible  correlates  of  fall  and  winter  trends 
in  bobwhite  mass.  Photoperiod  was  averaged 
by  month  from  September  through  March 
2003  using  U.S.  Naval  Observatory  (Astro- 
nomical Applications  Department,  Washing- 
ton, D.C.)  data  for  Pampa,  Texas.  Ambient  air 
temperature  was  recorded  at  15-min  intervals 
by  a stationary  weather  station  (LI-COR  En- 
vironmental, Lincoln,  Nebraska)  about  3.2  km 
from  the  study  area  and  averaged  by  month 
during  September  2000-March  2001  and  Sep- 
tember 2001-March  2002.  We  did  not  have 
air  temperature  data  for  September  2002- 
March  2003,  but  we  felt  that  the  fall  and  win- 
ter 2000-2002  dataset  was  adequate  for  cal- 
culating average  monthly  temperatures.  Using 
the  monthly  temperature  averages,  we  indexed 
energy  requirements  (Y;  kJ/day)  of  bobwhites 
during  winter  (wa)  using  Guthery’s  (2002:12- 
13)  modifications  of  Case  and  Robel’s  (1974) 
equation: 

= 205.1  - 3.52T, 

where  T = ambient  temperature  (°  C).  This 
equation  does  not  specifically  include  mass, 
but  rather  estimates  energy  needs  for  the  range 
of  mass  (200-220  g)  from  which  it  was  de- 
veloped (Case  and  Robel  1974).  We  used  the 
Pearson  product-moment  correlation  coeffi- 
cient (r)  to  quantify  relationships  between  the 
dependent  variable  (mass)  and  each  indepen- 
dent variable  of  interest  (photoperiod,  temper- 
ature, and  energy  requirements).  We  per- 


FIG.  1.  Relationship  of  mass  of  Northern  Bob- 
whites  in  areas  with  supplemental  feed  (n  = 246), 
Mesa  Vista  Ranch,  Roberts  County,  Texas,  September- 
March  2000-2003,  with  (A)  mean  monthly  photope- 
riod at  the  study  area,  (B)  mean  monthly  ambient  air 
temperature  recorded  each  15  min  by  a stationary 
weather  station  on  the  study  area,  and  (C)  mean 
monthly  energy  requirements  calculated  from  ambient 
air  temperature.  Dash  symbols  represent  95%  confi- 
dence limits  on  mass. 


formed  statistical  analyses  using  SYSTAT  10 
(SPSS,  Inc.  2000)  and  ProStat  (Poly  Software 
International  2003)  at  the  level  a = 0.05.  Un- 
less noted  otherwise,  we  used  t values  to  cal- 
culate confidence  limits. 

RESULTS 

We  eaptured  and  recorded  data  from  330 
bobwhites  >150  days  old.  To  determine 
trends  in  mass,  we  used  only  the  mass  data 
for  food-supplemented  bobwhites  due  to  the 
larger  sample  size  {n  = 246  for  food-supple- 
mented, rt  = 84  for  unsupplemented).  Bob- 
whites  in  the  study  area  showed  distinct  trends 
in  mass  during  September-March  (Fig.  1). 
Mean  mass  increased  from  September  to  De- 
cember, when  it  peaked,  and  then  declined 
through  March. 

Mass  of  food-supplemented  bobwhites 
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TABLE  1.  Mean  mass  (g)  of  Northern  Bobwhites 
by  sex-age  class  on  areas  with  and  without  supple- 
mental feed,  Tallahone  Pasture,  Mesa  Vista  Ranch, 
Roberts  County,  Texas,  September-March  2000-2003. 

Treatment 
Sex-age  class® 

n 

X 

SE 

Range 

Food-supplemented 

Female-juvenile 

59 

192.1 

2.2 

153-237 

Female-adult 

52 

194.3 

1.9 

164-222 

Male-juvenile 

69 

191.9 

1.5 

161-217 

Male-adult 

66 

195.2 

1.6 

172-222 

Pooled 

246 

193.4 

0.9 

153-237 

Unsupplemented 

Female-juvenile 

23 

184.8 

2.3 

166-204 

Female-adult 

13 

185.6 

3.3 

170-210 

Male-juvenile 

22 

185.1 

2.2 

160-208 

Male-adult 

26 

189.8 

2.4 

155-215 

Pooled 

84 

186.5 

1.2 

155-215 

® Juveniles  were  defined  as  individuals  that  had  molted  the  eighth  pri- 
mary, meaning  they  were  >150  days  old. 


showed  a negative  relationship  with  mean 
monthly  photoperiod  (r  =-0.89;  Fig.  lA). 
Mean  monthly  photoperiod  was  lowest  (588.3 
min)  and  mass  highest  (x  = 198.3  g)  during 
December.  Mean  monthly  temperature  was 
also  negatively  correlated  with  mass  (r 
= —0.79)  and  was  lowest  (x  = 1.4°  C)  during 
December  (Fig.  IB).  Energy  needs  estimated 
on  the  basis  of  ambient  temperature  were  pos- 
itively correlated  with  mass  (r  = 0.79;  Fig. 
1C).  As  mean  monthly  temperature  increased 
after  December,  energy  needs  decreased.  Es- 
timated energy  requirements  ranged  from 
124.7  kJ/day  in  September  to  200.2  kJ/day  in 
December,  an  increase  of  61%.  Mean  mass  of 
food-supplemented  bobwhites  from  Septem- 
ber (x  = 184.9  g)  to  December  (x  = 198.5  g) 
increased  about  14  g,  or  >7%. 

Mean  mass  was  similar  among  .sex-age 
classes  within  treatments  (food-supplemented, 
unsupplemented;  Table  1),  but  differed  be- 
tween treatments.  From  September  to  March, 
food-supplejiicnted  bobwhites  were  greater  in 
mass  (x  = 193.4  g;  95%  CL  = 191.6-195.1; 
n = 246)  than  unsupplemented  birds  (T  = 
186.5  g;  95%  CL  = 184.0-189.0;  //  = 84). 
The  proportion  of  food-supplemented  (0.52  ± 
0.04  SE)  and  unsupplemented  (0.54  ± 0.07) 
juveniles  was  similar  and  therefore  did  not 
confound  our  results.  Monthly  mean  mass  dif- 
fered only  in  November,  when  food-supple- 


FIG. 2.  Relationship  between  mass  of  Northern 
Bobwhites  in  areas  with  (n  — 246)  and  without  sup- 
plemental feed  (n  = 84),  Mesa  Vista  Ranch,  Roberts 
County,  Texas,  September-March  2000-2003.  Confi- 
dence intervals  are  not  shown  for  unsupplemented 
quail  in  December  (n  = 2)  or  February  (n  = 1 ) due  to 
low  sample  sizes. 


mented  quail  averaged  almost  10  g greater 
mass  than  unsupplemented  quail  (Fig.  2). 

DISCUSSION 

Maximum  body  mass  of  quail  is  expected 
during  winter  (Rosene  1969,  Case  and  Robel 
1974).  This  is  supported  by  Robel  (1972), 
who  found  that  bobwhite  mass  peaked  during 
midwinter,  although  Roseberry  and  Klimstra 
(1971)  found  that  female  mass  was  greater  in 
summer  than  in  winter.  Increased  winter  mass 
of  bobwhites  was  also  observed  by  Hamilton 
(1957),  Robinson  (1957:fig.  11),  Robel  and 
Linderman  (1966),  and  Gore  et  al.  (1970),  al- 
though Hamilton’s  (1957:table  1 ) sample  sizes 
were  low  (e.g.,  n = 6 for  December).  In  other 
species,  particularly  passerines,  maximum 
mass  also  occurs  during  winter  (Baldwin  and 
Kendeigh  1938).  Our  results  generally  fol- 
lowed these  patterns  of  increased  mass  in  win- 
ter. Also  similar  to  our  findings  were  those  of 
Ro.seberry  and  Klim.stra  (1971:fig.  2;  1984: 
109),  who  found  no  difference  in  male  and 
female  mass  of  bobwhites  outside  the  breed- 
ing season. 

When  considering  annual  mass  of  bob- 
whites,  Roseberry  and  Klimstra  (1971:fig.  2) 
found  that  males  had  one  episode  of  minimal 
mass  (.lime)  while  females  had  two  episodes 
(March  and  September).  Reproductive  activi- 
ties decrease  with  the  approach  of  fall,  which 
might  explain  the  increase  in  mass  at  that  time 
(i.e.,  more  time  budgeted  for  foraging  activi- 
ties). As  winter  proceeds,  forage  availability 
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decreases,  especially  with  increasing  snow 
cover.  This,  coupled  with  the  initiation  of  re- 
productive activities,  may  contribute  to  the 
general  decline  in  mass  of  bobwhites  after 
midwinter. 

Daily  fluctuations  in  mass  also  need  to  be 
considered.  From  dusk  to  dawn,  California 
Quail  {Callipepla  californica)  may  lose  al- 
most 10%  of  their  body  mass  (Sumner  1935), 
while  bobwhites  may  lose  5%  (Stewart  1937). 
Since  southern  bobwhites  have  about  10% 
body  fat  (Dabney  and  Dimmick  1977,  Koerth 
and  Guthery  1987),  a 200-g  bird  could  lose 
10  g in  one  night.  Warren  et  al.  (1984)  found 
that  body  fat  increases  with  latitude  from 
south  Texas  to  Kansas.  At  similar  winter  tem- 
peratures, larger  quail  in  Kansas  could  con- 
ceivably lose  less  mass  than  quail  in  south 
Texas  because  of  their  greater  thermal  inertia. 
Although  time  of  capture  was  not  recorded  for 
our  bobwhites,  traps  were  generally  checked 
early  in  the  morning  and  late  in  the  afternoon. 
Quail  caught  late  in  the  day  may  have  been  at 
their  24-hr  maximum  mass  (Baldwin  and 
Kendeigh  1938:429). 

Decreased  photoperiods  are  associated  with 
increased  roosting  time.  Roosting  formations 
(i.e.,  roosting  disks)  become  thermally  advan- 
tageous as  temperatures  drop  below  5°  C 
(Case  1973).  Decreasing  heat  lost  to  the  en- 
vironment through  roost  disks  obviously  de- 
creases energy  requirements.  Since  thermo- 
regulation is  the  highest  energetic  cost  of  bob- 
whites  (Guthery  2002:14),  roost  disks  may 
provide  a substantial  energetic  advantage.  Us- 
ing thermal  radiotransmitters,  Guthery  et  al. 
(2005)  found  that  when  ambient  temperatures 
are  <16.2°C,  roosting  bobwhites  could  ex- 
perience temperatures  effectively  warmer  than 
ambient  air  temperatures.  This  might  be  at- 
tributable to  roosting  disks  since  winter  roost 
microclimates  may  hold  no  energetic  advan- 
tage (Hiller  and  Guthery  2005).  However,  oth- 
er bird  species,  primarily  passerines  that  do 
not  form  roost  disks,  also  exhibit  an  inverse 
relationship  between  winter  mass  and  temper- 
ature (Baldwin  and  Kendeigh  1938). 

In  a laboratory  experiment,  Kirkpatrick 
(1957)  observed  increases  in  mass  with  de- 
creasing light  periods.  He  also  documented 
nocturnal  feeding  by  confined  quail.  Our  re- 
sults paralleled  those  of  Kirkpatrick  (1957), 
but  within  the  published  literature  we  found 


no  evidence  of  nocturnal  feeding  by  quail  in 
a held  setting.  Furthermore,  within  our  study 
area,  Hiller  and  Guthery  (2005)  observed  only 
roosting  at  night. 

The  benehts  of  greater  mass  among  food- 
supplemented  quail  were  not  obvious.  Similar 
to  what  we  observed,  Robel  (1972)  found  that 
Bobwhites  near  food  plots  (<600  m)  weighed 
an  average  of  9.0  g more  than  bobwhites  far 
(>900  m)  from  plots  during  winter  months. 
Food-supplemented  quail  also  had  more  body 
fat  (Robel  1969,  Robel  et  al.  1974).  However, 
Guthery  et  al.  (2004)  found  that,  within  our 
study  area,  supplemental  feeding  had  no  effect 
on  survival  or  cause-specihc  mortality,  but  it 
did  concentrate  quail  near  feeders  (i.e.,  de- 
creased home  ranges). 

Many  factors  need  to  be  considered  when 
speculating  on  seasonal  variations  in  body 
mass.  We  acknowledge  that  our  analyses  pre- 
sent just  a few  of  the  potential  causes  of  sea- 
sonal mass  variation  in  bobwhites;  however, 
environmental  factors  (e.g.,  photoperiod,  tem- 
perature) may  confound  attempts  to  explain 
fall  and  winter  trends  of  bobwhite  mass.  The 
causal  effects  of  these  variables  will  have  to 
be  determined  through  controlled  experimen- 
tation. 
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A STATISTICAL  ANALYSIS  OF  FACTORS  ASSOCIATED  WITH 
HISTORICAL  EXTINCTION  AND  CURRENT  ENDANGERMENT 
OF  NON-PASSERINE  BIRDS 

AUSTIN  L.  HUGHES^ 


ABSTRACT. — Data  on  historical  extinction  and  current  endangerment  in  non-passerine  birds  were  used  to 
assess  associations  between  vulnerability  to  human  impacts  and  genus  size,  range  size,  and  insular  endemism. 
Consistent  with  the  results  of  previous  studies,  historical  extinction  was  more  frequent  in  species  from  monotypic 
genera,  even  when  other  factors  were  controlled  for  statistically.  By  contrast,  current  endangerment  showed  no 
such  pattern  when  other  factors  were  controlled  for.  Both  historical  extinction  and  current  endangerment  were 
more  frequent  in  species  with  restricted  ranges  and  for  insular  species.  Moreover,  insular  species  with  restricted 
ranges  were  especially  vulnerable  to  current  endangerment.  Changes  between  the  patterns  of  historical  extinction 
and  current  endangerment  are  likely  due  to  changes  in  the  nature  of  human  impacts  over  the  past  500  years, 
especially  the  recent  trend  toward  wholesale  habitat  destruction.  Received  27  August  2003,  accepted  20  Septem- 
ber 2004. 


At  the  present  time,  the  earth’s  biota  is  fac- 
ing an  anthropogenic,  mass  extinction  event, 
unique  in  the  history  of  our  planet  (Diamond 
1989).  It  is  difficult  to  predict  the  ultimate  im- 
pact of  this  extinction  event,  but  an  analysis 
of  the  patterns  of  recent  extinction  and  current 
endangerment  may  enable  us  to  determine 
trends  that  will  suggest  strategies  for  mini- 
mizing the  damage  (Pimm  et  al.  1988,  Smith 
et  al.  1993,  Bibby  1995,  Gaston  and  Black- 
burn 1997,  McKinney  and  Lockwood  1999, 
Balmford  et  al.  2003).  Nee  and  May  (1997) 
showed  that  a pattern  of  random  extinctions 
across  a phylogeny  will  conserve  nearly  as 
much  of  the  evolutionary  history  represented 
by  the  species  in  that  phylogeny  as  a strategy 
explicitly  designed  to  preserve  as  much  of  that 
evolutionary  history  as  possible.  This  finding 
may  provide  hope  that  the  loss  of  genetic  in- 
formation will  be  relatively  minor. 

On  the  other  hand,  numerous  studies  of  pat- 
terns of  historical  extinction  and  recent  en- 
dangerment in  birds  and  mammals  have 
shown  that  human  impacts  on  these  taxa  are 
far  from  random,  relative  to  phylogeny  (Rus- 
sell et  al.  1998,  Hughes  1999,  Purvis  et  al. 
2000,  von  Euler  2001).  Those  studies  have  re- 
vealed that  both  historical  extinction  and  re- 
cent endangerment  have  disproportionately  af- 
fected genera  that  contain  few  species,  partic- 
ularly monotypic  genera  (Russell  et  al.  1998, 
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Hughes  1999,  Purvis  et  al.  2000).  Assuming 
that  taxonomic  classifications  at  least  approx- 
imately reflect  genetic  relationships,  such  a 
pattern  may  suggest  a disproportionate  human 
impact  on  species  without  close  relatives  or 
with  few  close  relatives. 

The  results  of  these  studies,  however,  did 
not  clarify  the  mechanisms  behind  the  appar- 
ent tendency  of  human  activities  to  have 
greater  impacts  on  species  with  few  or  no 
close  relatives.  It  is  possible  that  some  other 
variable  is  correlated  with  scarcity  of  close 
relatives.  For  example,  it  is  well  known  that 
human  impact  has  been  particularly  severe  on 
insular  species  of  birds  and  certain  other 
groups  of  organisms  (Cronk  1997).  Because 
many  insular  species  have  evolved  in  relative 
isolation  and  are  thus  often  assigned  to  mono- 
typic or  species-poor  genera,  the  observed  ef- 
fect may  in  fact  reflect  nothing  more  than  the 
overall  vulnerability  of  insular  species. 

Russell  et  al.  (1998)  and  Hughes  (1999) 
compared  patterns  of  historical  extinction 
(since  European  expansion,  beginning  in  the 
15th  century)  with  current  patterns  of  endan- 
germent in  order  to  assess  changes  in  the  pat- 
tern of  human  impacts.  One  of  the  most  strik- 
ing changes  was  found  in  non-passerine  birds 
(Hughes  1999).  In  both  non-passerine  and 
passerine  birds,  the  proportion  of  historical 
extinctions  was  found  to  be  significantly 
greater  in  monotypic  genera  than  in  polytypic 
genera.  Similarly,  in  passerines,  the  proportion 
of  current  endangerment  was  found  to  be 
higher  in  monotypic  than  in  polytypic  genera. 
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I However,  in  non-passerines,  where  propor- 
1 tions  of  both  historical  extinction  and  current 
! endangerment  were  found  to  be  substantially 
I higher  than  in  passerines,  there  was  no  differ- 
1 ence  between  monotypic  and  polytypic  genera 
I with  respect  to  rate  of  current  endangerment 
1 (Hughes  1999).  These  results  suggest  that  the 
1 nature  of  human  impacts  on  non-passerine 
I bird  species  recently  changed — from  differ- 
I ential  impacts  on  species  without  close  rela- 
I tives  to  “across-the-board”  impacts. 

Here,  I analyze  data  on  proportions  of  his- 
torical extinction  and  current  endangerment  in 
non-passerine  birds  to  assess  the  factors  un- 
derlying observed  patterns.  First,  I assess  the 
contribution  of  insularity,  restricted  range,  and 
genus  size  to  extinction  and  endangerment, 

I testing  for  independent  effects  of  each  of  these 
I factors  while  controlling  statistically  for  the 
1 other  factors.  Second,  I compare  the  incidence 
of  historical  extinction  and  current  endanger- 
ment to  test  the  hypothesis  that  there  has  been 
I a recent  fundamental  change  in  the  nature  of 
I human  impacts  on  the  survival  of  non-passer- 
ine bird  species. 

METHODS 

Analyses  were  based  on  data  for  3,966  spe- 
cies of  non-passerine  birds.  Species  and  high- 
er-level taxonomies  were  based  on  those  rec- 
ognized by  Sibley  and  Monroe  (1990,  1993), 
including  more  recently  described  species  rec- 
ognized by  Collar  et  al.  (1994)  and  Statters- 
held  et  al.  (1998).  The  number  of  species  in- 
cluded in  the  analysis  differs  from  that  in 
Hughes  (1999)  because  of  the  addition  of 
’ three  species  recognized  by  Collar  et  al. 

(1994)  and  Stattersfield  et  al.  (1998).  Histor- 
I ical  extinction  was  defined  as  extinction  oc- 
I curring  since  European  expansion  (15th  cen- 
tury until  present).  Species  were  classified  as 
I extinct  following  Sibley  and  Monroe  (1990, 

I 1993),  although  1 also  considered  the  Califor- 
nia Condor  {Gymnogyps  califoniianus.,  extinct 
' in  the  wild)  as  extinct  on  the  grounds  that  my 
I study  emphasizes  impacts  on  natural  popula- 
I tions.  Any  species  classified  as  vulnerable,  en- 
dangered, or  critical  by  Collar  et  al.  (1994) 

: was  classified  as  currently  endangered.  Spe- 

: cies  were  classified  as  insular  if  their  life  cycle 

includes  no  continental  phase.  Thus,  species 
i whose  life  cycle  involves  migration  between 
an  island  and  a continent  were  not  classified 


as  insular;  pelagic  feeders  breeding  exclusive- 
ly on  islands  were  classified  as  insular. 

I defined  restricted-range  landbirds  as  those 
whose  total  global  breeding  range  since  1800 
was  estimated  by  Stattersfield  et  al.  (1998)  to 
be  <50,000  km^;  however,  any  species  whose 
current  range  is  <50,000  km^,  but  was 
>50,000  km^  at  any  point  since  1800  (Stat- 
tersfield et  al.  1998),  was  not  counted  as  a 
restricted-range  species.  For  a given  species, 
the  range  size  was  defined  as  the  area  con- 
tained within  an  imaginary  boundary  (or 
boundaries,  in  the  case  of  discontinuous  rang- 
es) encompassing  all  known  or  inferred  sites 
of  occurrence  (Stattersfield  et  al.  1998). 

I analyzed  data  in  the  form  of  two  2X2 
X 2 X 2 contingency  tables.  In  the  first  of 
these  tables,  all  species,  whether  extant  or  ex- 
tinct, were  included.  I classified  species  ac- 
cording to  four  variables:  genus  size  (mono- 
typic, polytypic),  insularity  (insular,  continen- 
tal), range  size  (restricted  range,  non-restricted 
range),  and  historical  extinction  (extinct,  non- 
extinct).  The  second  contingency  table  includ- 
ed only  extant  species,  which  were  classified 
according  to  four  variables:  genus  size  (mono- 
typic, polytypic),  insularity  (insular,  continen- 
tal), range  size  (restricted  range,  non-restricted 
range),  and  current  endangerment  (endan- 
gered, non-endangered).  Using  log-linear 
models  (Everitt  1977),  I tested  for  partial  as- 
sociation between  extinction  and  each  of  the 
other  three  variables  while  statistically  con- 
trolling for  the  other  two  variables.  Similarly, 
in  the  data  set  of  extant  species,  I tested  for 
partial  association  between  endangerment  and 
each  of  the  other  three  variables,  statistically 
controlling  for  the  other  two  variables.  Similar 
analyses  were  applied  separately  to  eight  fam- 
ilies of  non-passerine  birds  (Anatidae,  Phas- 
ianidae,  Rallidae,  Columbidae,  Psittacidae, 
Slrigidae,  Trochilidae,  and  Picidae).  These 
families  were  chosen  because  each  included  a 
substantial  number  of  species  (>143  species), 
one  or  more  endangered  species,  and  one  or 
more  extinct  species. 

RESULTS 

d he  proportions  of  non-endangered,  endan- 
gered, and  extinct  species  appeared  similar  in 
polytypic  and  monotypic  genera  (Fig.  1).  The 
major  difference  was  a higher  proportion  of 
extinct  species  amcnig  monotypic  (2.4%)  than 
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EIG.  1.  Percentages  of  non-passerine  species  be- 
longing to  polytypic  and  monotypic  genera  classified 
as  non-endangered,  endangered,  and  extinct.  Numbers 
of  species  are  given  above  each  bar. 


among  polytypic  (1.3%)  genera.  The  partial 
test  of  association  between  genus  size  and  his- 
torical extinction  was  highly  significant  {P  = 
0.006;  all  non-passerines;  Table  1).  However, 
there  was  no  significant  association  between 
genus  size  and  current  endangerment  (Table 
2). 

In  monotypic  but  not  in  polytypic  genera, 
the  proportion  of  extinction  was  higher  in  in- 
sular than  in  continental  species  (Fig.  2).  And 
in  both  monotypic  and  polytypic  genera,  the 
proportion  of  endangerment  was  higher  in  in- 
sular than  in  continental  species  (Fig.  2).  Log- 
linear  analyses  showed  a highly  significant 
partial  association  (all  non-passerines;  P < 
0.001)  between  insularity  and  both  extinction 
(Table  1)  and  endangerment  (Table  2).  Simi- 


larly, the  proportions  of  both  extinction  and 
endangerment  in  both  polytypic  and  monotyp- 
ic genera  were  higher  in  restricted-range  spe- 
cies than  in  other  species  (Fig.  3).  Again,  log- 
linear  analyses  showed  a highly  significant  as- 
sociation between  range  size  and  extinction  {P 
< 0.001;  Table  1)  and  between  range  size  and 
endangerment  {P  < 0.001;  Table  2). 

In  log-linear  analyses  examining  all  non- 
passerines for  associations  with  historical  ex- 
tinction, there  were  no  significant  {P  < 0.05) 
two-way  interactions  between  any  pair  of  var- 
iables (Table  1).  By  contrast,  the  analysis  of 
current  endangerment  revealed  a highly  sig- 
nificant interaction  between  insularity  and 
range  size  (Table  2;  Fig.  4).  Among  endan- 
gered continental  species,  non-restricted  range 
species  (141  of  287  or  49.8%)  and  restricted- 
range  species  ( 146  of  287  or  50.2%)  account- 
ed for  nearly  equal  percentages  of  species 
(Fig.  4).  Among  endangered  insular  species, 
however,  the  proportion  of  restricted-range 
species  (195  of  283  or  68.9%)  was  more  than 
twice  that  of  non-restricted  range  species  (88 
of  283  or  31.1%;  Fig.  4). 

None  of  the  individual  families  showed  a 
significant  partial  association  between  extinc- 
tion and  range  size  (Table  1).  In  Psittacidae, 
there  were  significant  partial  associations  be- 
tween extinction  and  both  genus  size  and  in- 
sularity (Table  1).  In  Anatidae  and  Columbi- 
dae,  there  was  a significant  partial  association 
between  extinction  and  genus  size  but  not  be- 
tween extinction  and  insularity  (Table  1).  On 
the  other  hand,  in  Phasianidae,  Rallidae,  Tro- 
chilidae,  and  Picidae,  there  was  a significant 


TABLE  1.  Significance  levels  for  tests  of  partial  association  between  historical  extinction  and  genus  size, 
insularity,  and  range  size  in  eight  families  of  non-passerine  birds  and  in  all  non-passerines.^ 


Family 

Number  of 
species 

Genus 

size 

Insularity 

Range 

size 

Genus  size  X 
insularity^ 

Genus  size  X 
range  size*’ 

Insularity  X 
range  size*’ 

Anatidae 

148 

0.044 

NS^ 

NS 

NS 

NS 

NS 

Phasianidae 

177 

NS 

0.017 

NS 

NS 

NS 

NS 

Rallidae 

143 

NS 

0.008 

NS 

NS 

NS 

NS 

Columbidae 

313 

0.008 

NS 

NS 

NS 

NS 

NS 

Psittacidae 

360 

0.008 

0.028 

NS 

NS 

NS 

NS 

Strigidae 

143 

NS 

NS 

NS 

NS 

NS 

NS 

Trochilidae 

324 

NS 

0.003 

NS 

NS 

NS 

NS 

Picidae 

216 

NS 

0.017 

NS 

NS 

NS 

NS 

All  non-passerines 

3,966 

0.006 

<0.001 

<0.001 

NS 

NS 

NS 

Entries  are  P-values  for  tests  of  partial  association  based  on  log-linear  models. 
Two-way  interactions. 

NS  = not  significant  (P  > 0.05). 
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TABLE  2.  Significance  levels  for  tests  of  partial  association  between  current  endangerment  and  genus  size, 
insularity,  and  range  size  in  eight  families  of  non-passerine  birds  and  in  all  non-passerines/ 


Family 

Number  of 
species 

Genus 

size 

Insularity 

Range 

size 

Genus  size  X 
insularity^ 

Genus  size  X 
range  size^ 

Insularity  X 
range  size^ 

Anatidae 

146 

NS^ 

0.009 

0.035 

NS 

NS 

NS 

Phasianidae 

176 

NS 

0.025 

<0.001 

NS 

NS 

<0.001 

Rallidae 

130 

NS 

NS 

<0.001 

NS 

NS 

NS 

Columbidae 

307 

NS 

NS 

<0.001 

NS 

NS 

NS 

Psittacidae 

347 

NS 

NS 

<0.001 

NS 

NS 

NS 

Strigidae 

141 

NS 

NS 

<0.001 

NS 

NS 

NS 

Trochilidae 

323 

NS 

NS 

<0.001 

NS 

NS 

NS 

Picidae 

214 

NS 

NS 

NS 

NS 

NS 

NS 

All  non-passerines 

3,912 

NS 

<0.001 

<0.001 

NS 

NS 

<0.001 

^ Entries  are  P-values  for  tests  of  partial  association  based  on  log-linear  models. 
^ Two-way  interactions. 

NS  = not  significant  (P  > 0.05). 
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Polytypic  genera 


1 LJ  Non-restricted  range 

I Restricted  range 

i 440 


Non-endangered  Endangered 


Extinct 


284  Monotypic  genera 


Non-restncted  range 


Non  endangered  fcrxJangered  Extinct 


ElCi.  2.  Percentages  of  continental  and  insular  non- 
pas.serine  species  classified  as  non-eiulangcrcil.  endan- 
gered, and  extinct.  Numbers  of  species  are  given  above 
each  bar. 


M(i  3 Percentages  of  non-restricted  range  and  re- 
stricted range  non  passerine  species  classified  as  non- 
etulangered.  eiulangered.  and  extinct.  Numbers  of  spe- 
cies are  given  above  each  bar. 
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FIG.  4.  Percentages  of  non-restricted  range  and  re- 
stricted-range endangered,  non-passerine  species  clas- 
sified as  continental  or  insular.  Numbers  of  species  are 
given  above  each  bar. 

partial  association  between  extinction  and  in- 
sularity but  not  between  extinction  and  genus 
size  (Table  1).  In  the  analysis  of  extinction, 
none  of  the  eight  families  showed  any  signif- 
icant two-way  interactions  (Table  1). 

None  of  the  eight  families  showed  a signif- 
icant partial  association  between  endanger- 
ment  and  genus  size  (Table  2).  Only  Anatidae 
and  Phasianidae  showed  significant  partial  as- 
sociations between  endangerment  and  insular- 
ity, whereas  all  families  except  Picidae 
showed  significant  partial  associations  be- 
tween endangerment  and  range  size  (Table  2). 
There  was  a significant  interaction  between 
insularity  and  range  size  only  in  Phasianidae 
(Table  2).  Picidae  was  unique  in  showing  no 
significant  partial  associations  with  endanger- 
ment or  two-way  interactions  (Table  2). 

Several  authors  have  noted  that  the  analysis 
of  factors  affecting  extinction  and  endanger- 
ment may  be  improved  by  taking  into  account 
autocorrelation  between  phylogenetically 
close  species  (Lockwood  et  al.  2002,  Cassey 
et  al.  2004).  In  the  absence  of  a phylogeny, 
Cassey  et  al.  (2004)  based  autocorrelations  on 
taxonomic  categories.  To  test  for  effects  of 
taxonomic  category,  I combined  the  data  from 
the  eight  families  listed  in  Tables  1 and  2 and 
included  family  as  an  additional  category  in 
the  log-linear  analysis.  None  of  the  effects 
listed  in  Tables  1 and  2 showed  a significant 
partial  interaction  with  family,  implying  that 
differences  among  families  were  not  a signif- 
icant factor  in  the  results  reported  here. 


DISCUSSION 

With  respect  to  non-passerine  birds,  the  re- 
sults reported  here  are  consistent  with  earlier 
results  (Hughes  1999) — showing  both  a sig- 
nificantly higher  proportion  of  historical  ex- 
tinctions in  monotypic  genera  and  no  differ- 
ence between  proportions  of  current  endan- 
germent in  monotypic  and  polytypic  genera. 
Furthermore,  these  patterns  hold  true  even 
when  the  effects  of  insularity  and  range  size 
are  controlled  for  statistically.  The  results  sup- 
port the  hypothesis  that  historic  extinction  has 
disproportionately  affected  non-passerine  bird 
species  belonging  to  monotypic  genera  re- 
gardless of  insularity  and  range  size  (Table  1). 
On  the  other  hand,  there  was  no  significant 
association  between  current  endangerment 
and  genus  size  when  the  effects  of  insularity 
and  range  size  were  controlled  for  (Table  2). 

One  reason  for  this  difference  may  be  that 
the  most  vulnerable  non-passerines  belonging 
to  monotypic  genera  have  already  been  driven 
to  extinction  (Hughes  1999).  The  situation  is 
quite  different  among  passerines;  the  propor- 
tion of  historical  extinctions  is  considerably 
lower  than  that  of  non-passerines,  and  cur- 
rently endangered  passerines  include  a signif- 
icantly higher  proportion  of  species  belonging 
to  monotypic  genera  than  do  non-endangered 
passerines  (Hughes  1999).  An  additional  fac- 
tor may  be  that  historical  extinctions  of  non- 
passerine species  in  monotypic  genera  have 
included  some  species  with  unusual  charac- 
teristics. For  example,  extinct  non-passerines 
from  monotypic  genera  include  four  continen- 
tal species  with  very  broad  ranges:  Pink- head- 
ed Duck  (Rhodonessa  caryophyllacea).  Pas- 
senger Pigeon  (Ectopistes  migratorius),  Car- 
olina Parakeet  (Conuropsis  carolinensis),  and 
California  Condor.  These  species  represent 
44%  (4  of  9)  of  all  extinct  species  from  mono- 
typic genera.  By  contrast,  only  27.3%  (15  of 
55)  of  currently  endangered  species  from 
monotypic  genera  are  continental  species  with 
non-restricted  ranges.  Thus,  one  major  change 
has  been  the  loss  of  a set  of  geographically 
widespread  but  uniquely  vulnerable  continen- 
tal species.  In  the  absence  of  these  species, 
range  size  and  insular  endemism  have  become 
increasingly  important  factors  in  predicting 
vulnerability. 

In  contrast  to  the  results  for  genus  size,  both 
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historical  extinction  and  current  endangerment 
were  significantly  associated  with  both  range 
size  and  insularity,  even  when  other  variables 
were  controlled  for  statistically  (Tables  1 and 
2).  The  association  with  range  size  is  not  un- 
expected, since  range  size  is  a factor  that  goes 
into  the  assessment  of  endangered  status  (Col- 
lar et  al.  1994).  However,  the  estimates  of 
range  size  used  here  were  based  on  historical 
ranges;  thus,  some  species  with  currently  lim- 
ited ranges  were  not  scored  as  “restricted- 
range”  species  (Stattersfield  et  al.  1998).  An 
association  between  insularity  and  both  ex- 
tinction and  endangerment  was  hypothesized 
by  Russell  et  al.  (1998)  and  Hughes  (1999), 
and  the  present  results  support  this  hypothesis. 

Nonetheless,  there  was  a striking  difference 
between  the  results  for  historical  extinction 
and  those  for  cunent  endangerment  when  the 
effect  of  range  size  was  examined  separately 
for  different  families.  In  the  case  of  historical 
extinction,  separate  examination  of  each  of 
eight  non-passerine  families  showed  no  sig- 
nificant effects  of  range  size  (Table  1).  By 
contrast,  seven  of  eight  families  showed  a sig- 
nificant partial  association  between  range  size 
and  current  endangerment,  and  in  six  of  these 
families  the  association  was  highly  significant 
(Table  2).  These  results  suggest  that  non-pas- 
serine species  with  restricted  ranges  are  be- 
coming increasingly  vulnerable  to  human  im- 
pacts, independent  of  other  factors  and  in  a 
similar  manner  across  taxonomic  categories. 

There  was  a significant  interaction  between 
range  size  and  insularity  for  currently  endan- 
gered species  but  not  for  extinct  species  (Ta- 
bles 1 and  2).  This  interaction  is  explained  by 
the  much  higher  proportion  of  restricted-range 
species  that  are  insular  compared  with  the  pro- 
portion of  restricted-range  species  that  are 
continental  (Fig.  4).  This  in  turn  implies  that 
insular  species  are  now  doubly  vulnerable — 
by  virtue  of  both  their  insular  distribution  and 
their  range  size.  The  absence  of  such  a pattern 
in  the  data  on  historical  extinction  suggests 
that  this  is  a new  phenomenon,  resulting  from 
recent  changes  in  the  nature  of  human  im- 
pacts. It  seems  likely  that  these  changes  in- 
clude a trend  toward  wholesale  habitat  de- 
struction (Owens  and  Bennett  2()()0),  to  which 
restricted-range  species — esjiecially  those  on 
island.s — are  especially  vulnerable. 
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FIRST  RECORD  OF  COOPERATIVE  BREEDING  IN  A 
THRYOTHORUS  WREN 

SHARON  A.  GILL’  2 


ABSTRACT. — Although  offspring  delay  dispersal  past  the  age  of  independence  in  many  Thryothorus  species, 
cooperative  breeding  has  not  been  recorded  in  this  genus.  Here,  I present  the  first  observation  of  cooperative 
breeding  in  a Thryothorus  wren  (Buff-breasted  Wren,  T.  leucotis).  Of  41  offspring  that  delayed  dispersal  past 
the  age  of  independence,  4 individuals  stayed  on  their  natal  territory  until  their  parent’s  next  breeding  attempt, 
indicating  a low  potential  for  cooperative  breeding.  Of  these  four  individuals,  one  male  provisioned  1 1-  to  15- 
day-old  nestlings  and  one  female  approached  her  parents’  nest  but  was  repeatedly  driven  away  from  it  by  her 
father.  The  retained  female  was  apparently  tolerated  when  in  the  vicinity  of  fledglings,  but  feeding  was  never 
positively  confirmed.  Received  10  May  2004,  accepted  15  October  2004. 


In  cooperatively  breeding  birds,  more  than 
two  adults  participate  in  a single  breeding 
event,  either  by  defending  the  nest,  incubating 
eggs,  or  provisioning  young  (Brown  1987). 
This  is  the  predominant  social  system  in 
18.5%  of  oscine  passerine  species  with  bipa- 
rental  care  (383  of  2,067  species),  and  occurs 
occasionally  in  another  3.7%  of  oscines  elas- 
sified  as  pair  breeders  (Cockburn  2003).  How- 
ever, patterns  of  nestling  care  are  unknown  for 
most  passerines  {n  = 2,385),  particularly 
those  in  the  Neotropics  (Cockburn  2003); 
thus,  cooperative  breeding  may  occur  in  still 
other  species.  Intensive  studies  of  populations 
of  banded  birds  are  needed  to  determine  the 
extent  of  pair  versus  cooperative  breeding  in 
these  species. 

Cooperative  breeding  may  arise  in  several 
different  ways,  including  when  (1)  indepen- 
dent offspring  remain  on  natal  territories  until 
their  parents’  next  breeding  period  (Cockburn 
1998),  (2)  individuals  initially  disperse  and 
then  preferentially  immigrate  into  social 
groups  composed  of  related  individuals  (Bag- 
lione  et  al.  2003),  and  (3)  groups  of  unrelated 
individuals  reproduce  together  (Davies  1992). 
In  the  first  case,  delayed  dispersal  by  offspring 
is  a necessary  prerequisite  for  cooperation. 
However,  in  some  species  in  which  offspring 
remain  on  their  natal  territories  for  extended 
periods,  helping  never  occurs  (reviewed  in 
Ekman  et  al.  2001).  Delayed  dispersal  by  olT- 
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spring  is  often  associated  with  high  adult  sur- 
vival, low  reproductive  rates,  and  deferred 
maturation  (Brown  1987),  and  may  be  a form 
of  extended  parental  investment,  in  which  par- 
ents permit  or  encourage  offspring  (via  aecess 
to  resources)  to  remain  on  natal  territories 
(Ekman  et  al.  2001). 

Wrens  (Family  Troglodytidae)  have  been 
among  the  most  studied  New  World  avian 
taxa  in  terms  of  cooperative  breeding,  with 
much  of  this  research  focusing  on  the  genus 
Campy lorhynchus,  in  which  9 of  13  species 
are  known  to  breed  cooperatively  (e.g.,  Aus- 
tad  and  Rabenold  1986,  Rabenold  1990).  Co- 
operative breeding  occurs  regularly  in  Black- 
capped  Donacobius  (Donacohius  atricapillus) 
and  has  been  reported  in  House  Wrens  {Trog- 
lodytes aedon\  reviewed  in  Cockburn  2003). 
However,  the  breeding  systems  of  most  spe- 
cies in  this  family,  especially  those  in  tropical 
areas,  have  not  been  described  and  coopera- 
tive breeding  may  be  more  common  than  re- 
ported. For  example,  many  species  in  other 
genera,  in  particular  Thyrothorus,  are  often 
found  in  family  groups  (e.g.,  Skutch  1960, 
2001;  Skid  1964;  Hilly  and  Brown  1986; 
Brewer  2001),  suggesting  that  independent 
offspring  may  stay  on  natal  territories  for  ex- 
tended periods,  potentially  setting  the  stage 
for  cooperative  breeding.  Here,  I describe  the 
lirst  record  of  cooperative  breeding  in  the  ge- 
nus Thryothorus  made  during  a study  of  pat- 
terns of  nestling  provisioning  in  Buff-breasted 
Wrens  (/.  leucotis:  SAG  unpubl.  data).  Pre- 
vious studies  have  reported  that  Buff-breasted 
Wrens  are  often  found  in  groups  of  3-4  in- 
dividuals (Skutch  1968,  P'arabaugh  1983, 
Ahumada  2001),  but  none  has  recorded  dis- 
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persal  delayed  into  the  breeding  season  or  co- 
operative breeding. 

METHODS 

Buff-breasted  Wrens  are  small  (16-23  g), 
monochromatic  birds  that  inhabit  secondary 
forest  throughout  their  range  from  central 
Panama  to  northern  South  America  (Ridgely 
and  Tudor  1989).  They  maintain  territories 
and  partnerships  throughout  the  year,  and 
breed  during  the  wet  season  (April  to  October; 
SAG  unpubl.  data);  initiation  of  breeding  is 
closely  tied  to  the  onset  of  rains  (Ahumada 
2001).  Buff-breasted  Wrens  are  socially  and 
genetically  monogamous:  extra-pair  young 
were  detected  in  only  1 of  31  broods  (Gill  et 
al.  2005).  Throughout  the  year,  pairs  produce 
antiphonal  duets  in  which  males  and  females 
give  alternating  sex-specific  songs  (Farabaugh 
1983). 

I studied  a color-banded  population  of  Buff- 
breasted Wrens  in  Gamboa,  Republic  of  Pan- 
ama (9°  1'  N,  79°  42'  W)  during  both  dry  and 
wet  seasons  (February-May  1997,  February- 
July  1998,  October  1998,  February-June 
1999).  The  study  site  was  a 22-ha  secondary 
forest  bordered  on  three  sides  by  Gamboa,  the 
Rio  Chagres,  and  the  Panama  Canal,  and  it 
was  separated  from  the  nearest  forest  by  a 
100-m  grassy  marsh.  In  1997,  both  individuals 
in  15  of  18  pairs  were  banded,  whereas  in 
1998  (/?  = 24)  and  1999  {n  = 19),  both  mem- 
bers of  all  pairs  were  banded.  I banded  a total 
of  65  adults,  17  adult  philopatric  offspring,  27 
fledglings,  and  13  nestlings.  I sexed  individ- 
uals based  on  body  size  (females  are  smaller 
than  males;  SAG  unpubl.  data),  singing  be- 
havior (Farabaugh  1983),  and  egg  laying  and 
incubation  (Gill  2003).  When  more  than  two 
adult  birds  resided  on  a given  territory,  I dis- 
tinguished paired  adult  birds  from  their  adult 
philopatric  offspring  by  behavior,  as  paired  in- 
dividuals duetted  more  frequently,  and  spent 
more  time  in  close  association  (<5  m apart) 
than  with  their  offspring.  I defined  a philo- 
patric offspring  as  one  that  remained  on  its 
natal  territory  for  >3  months. 

Buff-breasted  Wrens  typically  construct 
separate  dormitory  nests — in  which  they  roost 
overnight — and  breeding  nests,  although  ap- 
proximately 10%  of  dormitory  nests  are  used 
for  breeding  (SAG  unpubl.  data).  I located 
nests  by  searching  areas  from  which  pairs 


gave  their  first  song  of  the  morning  (these  are 
typically  given  when  birds  are  close  to  their 
nests),  during  regular  searches  of  territories, 
and  by  following  individuals  that  were  col- 
lecting or  holding  nesting  materials.  I did  not 
mark  nest  locations,  as  they  were  easy  to  re- 
find.  Nests  were  checked  every  2 days  until 
clutch  completion  (modal  clutch  size  = 3, 
range  = 2-3,  n = 42)  and  inegularly  there- 
after until  the  young  fledged  or  the  nest  failed. 

As  part  of  a broader  study  examining  male 
and  female  effort  during  nest  construction  and 
nestling  provisioning,  I made  1-hr  observa- 
tions of  nestling  provisioning  every  2 days 
from  the  day  after  hatching  (day  0)  until  the 
nestlings  fledged  (usually  day  15).  All  obser- 
vations were  performed  between  06:00  and 
14:00  EST,  from  a position  at  least  5 m from 
nests,  to  avoid  influencing  the  behavior  of  the 
parents  as  they  returned  to  feed  or  brood  (fe- 
males only).  During  these  observations,  I 
quantified  the  number  of  visits  per  hour  by 
male  and  female  parents,  as  well  as  visits  by 
the  retained  offspring.  In  addition,  I noted  the 
singing  behavior  of  offspring,  as  well  as  ag- 
gressive interactions  between  them  and  their 
parents. 

RESULTS 

Of  57  offspring  banded  as  nestlings,  fledg- 
lings, or  independent  birds,  35  remained  on 
their  natal  territories  for  >3  months  after 
fledging.  Another  six  unbanded  individuals 
lived  on  territories  with  banded  adults.  I as- 
sumed that  these  unbanded  individuals  were 
the  offspring  of  the  banded  adults  because  ( 1 ) 
their  presence  was  consistent  with  the  Hedging 
of  offspring  in  those  territories  in  the  previous 
breeding  season;  (2)  17  individuals,  banded  as 
adults  and  residing  on  territories  with  2 other 
adult  birds,  were  the  genetic  offspring  of  those 
adults  (SAG  unpubl.  data);  and  (3)  I have  no 
evidence  that  groups  formed  other  than  by  the 
retention  of  offspring.  Thus,  a total  of  41  off- 
spring (65.1%  of  offspring  fledged)  remained 
on  their  natal  territories  for  >3  months.  Prior 
to  their  parents’  next  breeding  attempt,  most 
philopatric  offspring  either  dispersed  to  be- 
come teiTitory  holders  in  the  study  population 
(//  = 13)  or  disappeared  (n  = 24).  Only  four 
individuals  (9.8%  of  philopatric  offspring) 
postponed  dispersal  for  >1  year,  staying  on 
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FIG.  1.  Pattern  of  provisioning  by  a single  pair  of 
Buff-breasted  Wrens  and  a philopatric,  unbanded  male 
when  feeding  three  nestlings.  Eggs  hatched  on  day  0 
and  were  observed  every  second  day  from  days  1 to 
15,  at  which  time  the  young  fledged.  The  philopatric 
male  was  not  observed  within  5 m of  the  nest  area 
prior  to  day  1 1 . 


their  natal  territories  through  their  parents’ 
subsequent  breeding  season. 

Between  6 and  10  June  1999,  I observed 
helping  at  the  nest  by  an  unbanded  male  dur- 
ing the  second  breeding  attempt  of  a banded 
pair  that  had  been  together  for  >2  years.  This 
pair  had  fledged  two  males  in  the  previous 
breeding  season,  one  of  which  I captured  and 
banded.  Both  male  offspring  were  present  on 
the  territory  at  the  start  of  my  field  season  in 
February  1999,  with  the  banded  male  dispers- 
ing to  another  territory  before  breeding  com- 
menced. The  unhanded  male  was  last  ob- 
served on  his  natal  territory  on  30  June,  a date 
that  corresponded  to  the  end  of  my  held  sea- 
son. 

Visitations  by  the  parents  and  the  unhanded 
male  while  provisioning  a brood  of  three  nest- 
lings are  summarized  in  Figure  1.  Between 
days  1 and  9 after  hatch,  the  unhanded  male 
was  not  observed  within  10  m of  the  nest,  but 
often  sang  within  the  territory.  On  day  1 1 near 
the  start  of  ob.servations,  the  unhanded  male 
entered  the  nest  and  stayed  in  it  for  approxi- 
mately 10  .sec.  vShortly  after  the  unhanded 
male  left  the  nest  there  was  a chase  involving 
two  unidentified  wrens,  and  “aggressive" 
churring  (such  calls  are  heard  only  during  ag- 
; gressivc  encounters;  SACI  pers.  obs.).  Less 
! than  30  sec  later,  a third  unidentified  wren  ap- 
I proached  this  pair,  and  another  chase  ensued. 
The  parental  male  did  not  visit  the  nest  within 


30  min  of  this  interaction,  while  the  female 
visited  the  nest  four  times  within  that  period. 
Near  the  end  of  the  1-hr  observation  period, 
the  unbanded  male,  with  food  in  his  bill,  tried 
to  approach  the  nest  once  more.  The  parental 
male  was  in  the  nest,  exited  it  and  then  chased 
the  unbanded  male  away  from  the  nest.  Soon 
after,  the  parental  male  and  the  unbanded  male 
were  observed  foraging  within  2 m of  each 
other. 

On  day  13,  the  unbanded  male  visited  the 
nest  six  times  within  an  hour,  equaling  the 
contribution  of  the  parents  combined.  His  first 
visit  was  apparently  undetected  by  the  parents 
as  they  were  not  in  the  immediate  nest  area  at 
the  time.  While  approaching  the  nest  for  his 
second  visit,  the  unbanded  male  was  supplant- 
ed by  the  male  parent,  who  gave  an  aggressive 
churr,  but  the  unbanded  male  was  not  chased 
out  of  the  area.  Rather,  he  continued  to  move 
around  the  nest,  with  the  male  parent  follow- 
ing 1-2  m behind.  The  unbanded  male  then 
entered  the  nest  and  fed  the  young.  On  the 
next  four  visits,  the  unbanded  male  was  fol- 
lowed several  times  by  the  male  parent,  but 
no  aggression  was  exhibited.  On  the  day  of 
fledgling  (day  15),  the  unbanded  male  made 
four  visits  to  the  nest,  more  than  the  individual 
effort  of  either  parent  (Fig.  1).  No  aggression 
between  the  unbanded  male  and  the  parental 
male  was  observed  at  this  time,  and  no  ag- 
gression between  the  unhanded  male  and  the 
female  was  ever  recorded.  Three  young 
fledged  from  the  nest  on  10  June.  1 made  three 
additional  untimed  observations  of  this  pair 
after  the  young  fledged,  during  which  the  un- 
handed male  perched  within  2 m of  the  fledg- 
lings and  their  parents,  and  once  fed  the  fledg- 
lings. 

During  observations  at  a second  nest  in 
June  1999.  I witnessed  aggressive  encounters 
between  a banded  female  offspring  (hatch 
year  1998)  and  her  banded  father  around  the 
breeding  nest,  but  never  ob.scrvcd  the  female 
enter  the  nest  to  feed  the  young.  On  day  5, 
the  philopatric  female  approached  within  5 m 
of  the  nest  and  was  chased  by  the  male  3-4 
times.  She  moved  to  2 m from  the  nest  and 
was  chased  again  by  the  male  parent,  who 
gave  several  aggressive  churrs.  When  the 
nestlings  were  13  days  old.  the  philopatrie  fe- 
male perched  4-5  m from  the  nest  and  was 
immediately  chased  by  the  male,  who  utteretl 
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aggressive  churrs  (the  philopatric  female  did 
not  approach  the  nest  during  observations 
made  before  day  5,  between  days  7 and  11, 
or  on  day  15).  Two  nestlings  fledged  on  6 
June,  and  I observed  the  philopatric  female 
within  3 m of  them  on  the  day  of  fledging  as 
well  as  during  observations  2 weeks  later.  At 
both  times,  the  family  was  in  thick  vegetation 
and  I made  few  definitive  observations  of 
feeding  by  any  adult.  No  aggression  was  not- 
ed between  the  male  and  the  philopatric  fe- 
male after  the  young  fledged,  nor  was  aggres- 
sion observed  at  any  time  between  the  paren- 
tal and  philopatric  females. 

Two  other  banded  offspring  were  observed 
on  their  natal  territories  during  subsequent 
breeding  attempts  of  their  banded  parents,  but 
helping  was  not  observed.  I observed  a band- 
ed, second-year  female  offspring  on  her  natal 
territory  1 day  before  her  parents  began  con- 
structing their  second  breeding  nest,  but  did 
not  see  her  during  4 hr  of  observation  of  nest- 
ling provisioning.  However,  this  female  ap- 
parently stayed  on  her  natal  territory  while  her 
parents  bred,  as  she  was  observed  with  them 
in  the  post-breeding  season.  Finally,  a banded 
male  was  observed  repeatedly  foraging  and 
singing  with  his  banded  parents  over  the 
course  of  their  four  breeding  attempts.  The 
philopatric  male  built  a dormitory  nest  with 
his  father  (while  the  female  incubated  eggs), 
but  did  not  participate  in  the  construction  of 
two  breeding  nests  during  timed  observations. 
Although  I did  not  observe  this  pair  during 
nestling  provisioning,  the  male  offspring  was 
still  present  on  the  territory  at  that  time. 

DISCUSSION 

The  potential  for  observing  cooperative 
breeding  in  Buff-breasted  Wrens  was  low,  as 
only  4 of  41  independent  offspring  postponed 
dispersal  for  >1  year.  All  four  offspring  that 
delayed  dispersal  may  have  participated  in  ter- 
ritorial defense  by  singing  on  their  own  or 
with  their  parents.  One  male  helped  by  feed- 
ing young,  and  one  female  appeared  to  try  to 
provision  nestlings  and  may  have  successfully 
fed  fledglings.  The  latter  cases  were  marked 
by  aggression  by  male,  but  not  female,  parents 
toward  their  adult  offspring  during  the  nest- 
ling period.  Similar  aggressive  interactions 
between  parents  and  non-breeders  occur  in 
some  small-bodied  corvids  during  nestling 


care  to  prevent  non-breeders  from  accessing 
nests,  possibly  to  decrease  activity  around  the 
nest  and  thereby  minimize  the  risk  of  nest  pre- 
dation (Strickland  and  Waite  2001).  Consid- 
ering pair-breeding  species  in  the  Neotropics, 
Skutch  ( 1949)  proposed  that  nest  predation  in- 
creases with  the  rate  at  which  parents  feed  the 
nestlings  (see  Martin  et  al.  2000).  Thus,  male 
parents  may  have  behaved  aggressively  to- 
ward their  offspring  to  stop  them  from  visiting 
nests.  Interestingly,  in  the  one  case  of  coop- 
erative breeding  I observed,  parents  appeared 
to  visit  their  nest  less  once  their  male  off- 
spring started  to  provision  the  young  (Fig.  1). 
Alternatively,  parental  aggression  toward  phil- 
opatric offspring  may  occur  when  resources 
become  depleted  and  competition  for  the  re- 
maining resources  intensifies  (Strickland  and 
Waite  2001).  This  hypothesis  seems  unlikely 
to  apply  to  Buff-breasted  Wrens,  as  breeding 
occurs  during  the  wet  season,  when  arthropod 
prey  are  abundant  (e.g.,  Wolda  1996).  Prey 
depletion  seems  more  likely  to  occur  during 
the  dry  season,  yet  1 witnessed  little  or  no  pa- 
rental aggression  toward  philopatric  offspring 
at  that  time. 

Most  offspring  that  delayed  dispersal  did 
not  stay  on  their  natal  territories  long  enough 
to  help  with  reproductive  activities  of  their 
parents.  On  average,  offspring  dispersed  just 
prior  to  the  onset  of  their  parents’  reproduc- 
tive period  (SAG  unpubl.  data).  Prior  to  dis- 
persing, however,  some  offspring  participated 
in  the  construction  of  dormitory  nests,  and 
most  sang  either  as  part  of  territory  defense 
or  to  advertise  themselves  to  potential  mates. 
Further  studies  are  needed  to  determine  the 
role  of  offspring  in  these  activities,  as  well  as 
the  benefits  and  costs  of  philopatry  for  both 
parents  and  their  offspring.  The  phenomenon 
of  delayed  dispersal  in  the  absence  of  coop- 
erative breeding  is  underappreciated,  yet  its 
study  is  a logical  step  toward  understanding 
the  evolution  of  cooperation  (Brown  1987). 
The  monophyletic  wren  family  (Barker  2004) 
offers  an  exceptional  opportunity  to  study  the 
evolution  of  delayed  dispersal  and  cooperative 
breeding  due  to  the  diversity  of  breeding  and 
dispersal  patterns,  ranging  from  pair  breeders 
with  early  dispersal  by  juveniles,  to  those  with 
delayed  juvenile  dispersal  without  coopera- 
tion, to  truly  cooperative  breeders. 
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BREEDING  BIOLOGY  OE  THE  ENDANGERED  ROTA 
BRIDLED  WHITE-EYE 

FREDERICK  A.  AMIDONC^-'  CAROLA  A.  HAAS,'  AND  JOHN  M.  MORTON^^ 


ABSTRACT. — Little  is  known  about  the  breeding  biology  of  Bridled  White-eyes  (Zosterops  conspicillatus), 
especially  the  federally  endangered  Rota  Bridled  White-eye  (Z.  c.  rotensis).  Here,  we  report  on  the  breeding 
behavior,  nest-site  characteristics,  and  nest  dimensions  of  Rota  Bridled  White-eyes.  From  1997  to  1999,  we 
found  20  Rota  Bridled  White-eye  nests  in  Elaeocarpiis  joga  (35%),  Hernandia  lahyrinthica  (30%),  Merrillio- 
dendron  niegacarpiim  (20%),  and  introduced  Acacia  confusa  (15%)  trees  between  320  and  460  m in  elevation. 
Nests  were  2.5-12.8  m above  the  ground  (n  = 18)  in  trees  3.3-14.6  m tall  (n  = 16).  Clutch  size  ranged  from 
one  to  two  eggs  (n  = 7)  and  the  breeding  season  was  from  at  least  December  through  August.  Ne.st  dimensions 
(n  = 4)  were  36-44  X 57.7-60.8  mm  (outer  height  X diameter)  and  25-29  X 44.6-47.7  mm  (cup  depth  X 
diameter).  Received  / April  2004,  accepted  4 October  2004. 


The  Bridled  White-eye  {Zosterops  conspi- 
cillatus)  is  a small  bird  (—10  g)  endemic  to 
the  Mariana  Islands  in  the  tropical  western  Pa- 
cific Ocean.  Currently,  the  species  is  divided 
into  three  subspecies  found  on  the  islands  of 
Guam  (Z.  c.  conspicillatus)',  Saipan,  Tinian, 
and  Aguiguan  (Z.  c.  saypani)',  and  Rota  (Z.  c. 
rotcnsis',  hereafter  referred  to  as  Guam,  Sai- 
pan, and  Rota  Bridled  White-eyes,  respective- 
ly; Stresemann  1931).  Recent  genetic  work 
(Slikas  et  al.  2000)  and  observed  differences 
in  plumage,  vocalizations,  and  behavior  (Pratt 
et  al.  1987,  Collar  et  al.  1994),  suggest  that 
the  Rota  Bridled  White-eye  may  warrant  spe- 
cies status. 

The  Saipan  Bridled  White-eye  is  abundant 
and  widespread  on  the  islands  of  Saipan 
(2,221  birds  per  km^),  Tinian  (2,931  birds  per 
km^),  and  Aguiguan  (1,930  birds  per  km^; 
Engbring  et  al.  1986).  Historically,  the  Guam 
Bridled  White-eye  also  was  believed  to  be 
abundant  and  widespread  (Jenkins  1983),  al- 
though no  island-wide  surveys  were  ever 
completed.  After  the  introduction  of  the 
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brown  treesnake  {Boiga  irregularis),  however, 
the  Guam  Bridled  White-eye  population  rap- 
idly declined  and  the  subspecies  is  presumed 
extinct  (Wiles  et  al.  2003). 

The  first  published  record  that  detailed  lo- 
cations of  the  Rota  Bridled  White-eye  was  of 
four  birds  collected  by  Navy  personnel  at  two 
low-elevation  (0-150  m)  areas  (Songsong  Vil- 
lage and  Malilok  Point)  in  1945  (Baker  1948). 
Baker  (1948)  considered  the  Rota  Bridled 
White-eye  “numerous,”  though  no  surveys 
were  conducted  and  bird  collection  was  pri- 
marily limited  to  low-elevation  areas.  By 
1975,  the  Rota  Bridled  White-eye  population 
was  limited  to  high-elevation  areas  in  the  Sa- 
bana  region,  a plateau  450  m in  elevation 
dominating  the  topography  of  the  western  half 
of  Rota  (Pratt  et  al.  1979).  In  1982,  the  first 
island-wide,  avifaunal  survey  was  completed 
and  the  Rota  Bridled  White-eye  population 
was  estimated  to  be  approximately  10,000 
birds  (183  birds  per  km^);  it  was  primarily  re- 
stricted to  high-elevation  areas  of  the  Sabana 
region  (Engbring  et  al.  1986).  By  1996,  the 
population  was  estimated  to  be  approximately 
1 ,000  birds  and  was  further  restricted  to  cliff- 
line forest  in  the  Sabana  region  (Fancy  and 
Snetsinger  2001).  The  cause  of  this  decline  is 
uncertain;  however,  predation  by  the  intro- 
duced Black  Drongo  {Dicrurus  macrocercus) 
and  habitat  changes  appear  to  be  important 
factors  (Craig  and  Taisacan  1994,  Craig  1999, 
Amidon  2000,  Fancy  and  Snetsinger  2001). 
Currently,  the  Rota  Bridled  White-eye  is  listed 
as  endangered  under  the  Endangered  Species 
Act  (U.S.  Fish  and  Wildlife  Service  2004)  and 
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critically  endangered  by  the  World  Conser- 
vation Union  (2003). 

The  paucity  of  life  history  information 
about  the  Rota  Bridled  White-eye  makes  it 
difficult  to  determine  the  specific  cause  of  de- 
cline. Data  on  breeding  biology  are  especially 
limited,  as  only  brief  descriptions  of  three 
nests  have  been  reported  (Yarnashina  1932, 
Pratt  1985,  Lusk  and  Taisacan  1997).  Data  on 
incubation,  nestling,  and  fledgling  periods,  as 
well  as  on  parental  care  do  not  exist.  Further, 
information  on  the  breeding  biology  of  Bri- 
dled White-eyes  on  Saipan  and  Guam  also  is 
very  limited.  In  this  paper  we  report,  often  for 
the  hrst  time,  information  on  nest-site  char- 
acteristics, nest  dimensions,  and  breeding  be- 
havior of  Rota  Bridled  White-eyes. 

METHODS 

Observations  of  all  nests  were  made  on  the 
island  of  Rota  (14°  10'  N,  145°  12'  E),  Com- 
monwealth of  the  Northern  Mariana  Islands 
(CNMI).  Rota  is  approximately  86  km^  and 
has  a maximum  elevation  of  490  m.  The  is- 
land is  composed  of  a series  of  upraised,  coral 
limestone  plateaus  formed  on  an  extinct  vol- 
canic peak.  We  conducted  our  field  work  pri- 
marily within  the  current  range  of  the  Rota 
Bridled  White-eye,  from  300  to  450  m in  el- 
evation in  the  Uyulan  Hulo,  Applatagua,  Ein- 
ata,  and  Alesna  regions  from  June  to  August 
1998  and  from  January  to  August  1999.  The 
climate  in  the  CNMI  is  tropical,  with  mean 
temperatures  of  24  to  32°  C,  high  humidity, 
and  average  rainfall  of  200  to  260  cm  (Na- 
tional Oceanic  and  Atmospheric  Administra- 
tion 1998). 

We  found  nests  by  actively  searching  areas 
used  by  Rota  Bridled  While-eyes  and  by  mon- 
itoring the  movements  of  individuals  carrying 
nesting  material  or  food  items.  We  monitored 
all  active  nests  at  least  every  4 days,  using 
either  a mirror  on  a telescoping  pole  or  a spot- 
ting scope.  When  possible,  we  recordetl  clutch 
si/e,  number  of  hatchlings  and  lletlged  young, 

1 and  assessed  reasons  for  nest  or  clutch  failure. 

I Because  Rota  Bridled  White-eyes  are  sexually 
I monomorphic  in  plumage  and  none  of  the 
I adults  at  active  nests  was  color-banded,  sexes 
i could  not  be  identified:  however,  we  recorded 
observations  of  switching  and  simultaneous 
feeding  by  both  adults  to  determine  the  in- 
volvement of  both  sexes  in  incubation,  brood- 


ing, and  feeding  of  nestlings  and  fledglings. 
When  nests  were  accessible,  we  attempted  to 
band  nestlings  with  U.S.  Geological  Survey 
aluminum  bands  and  distinct  combinations  of 
color  bands. 

At  all  nests  we  measured  diameter  at  breast 
height  (dbh)  of  the  nest  tree,  height  of  the  nest 
in  the  tree,  nest  tree  height,  tree  species  (based 
on  the  taxonomic  classification  of  Raulerson 
and  Rhinehart  1991),  distance  from  nest  to 
bole,  and  elevation.  When  nests  were  acces- 
sible, we  also  recorded  nest  dimensions  and 
nest  material  used.  Eor  nest  dimensions,  we 
recorded  cup  diameter  and  depth,  and  outside 
nest  diameter  and  height.  Means  are  presented 
± SE. 

RESULTS 

We  found  19  Rota  Bridled  White-eye  nests 
during  the  1998  (June  to  August)  and  1999 
(January  to  August)  field  seasons.  An  addi- 
tional nest  was  found  in  December  1997  dur- 
ing preliminary  field  work  (S.  M.  Plentovich 
pers.  comm.).  Ten  of  the  nests  were  active, 
and  of  these,  seven  produced  one  or  two  fledg- 
lings. Of  the  three  active  nests  that  failed,  one 
appeared  to  be  depredated  at  the  nestling 
stage,  the  1997  nest  was  destroyed  during  Ty- 
phoon Paka  in  December  1997,  and  the  third 
was  depredated  or  abandoned,  possibly  due  to 
observer  disturbance.  Ten  nests  were  consid- 
ered inactive  but  were  distinguishable  from 
other  passerine  nests,  including  those  of  the 
Micronesian  Honeyeater  (Myzofnela  ruhni- 
tra),  based  on  nest  structure,  composition,  and 
placement  within  the  nest  tree  and  our  obser- 
vations of  Rota  Bridled  White-eye  activity  at 
the  nest  site. 

We  found  active  nests  in  December  (/?  = 

1 ) ,  March  (/?  = 4),  May  (//  = 2),  July  (//  = 

2) ,  and  August  (//  = I ).  Fledging  dates  of  two 
nests  indicate  that  breeding  also  occurs  in 
April  and  June.  In  addition,  we  ob.served  what 
appeared  to  be  two  recently  Hedged  Rota  Bri- 
dled White-eyes  (no  eye-rings  and  a scruffy 
appearance)  in  late  January. 

Rota  Bridled  White-eye  eggs  were  light 
blue  and  unmarked:  clutch  si/e  for  seven  nests 
ranged  from  one  to  two  eggs,  and  we  docu- 
mented the  Hedging  of  two  nestlings  from  one 
nest.  Based  on  our  observations  at  seven  ac- 
tive nests,  incubation  and  nestling  periods  ap- 
peared to  be  at  least  10  and  as  long  as  I 2 days. 
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During  the  incubation  and  nestling  stages,  we 
observed  both  adults  incubating  eggs  and 
brooding  nestlings,  and  both  simultaneously 
provisioning  nestlings.  We  banded  one  nest- 
ling and  documented  a post-fledging  parental 
care  period  of  at  least  8 days.  The  banded 
nestling  was  seen  approximately  10  m from 
the  nest  with  both  adults  and  another  young 
bird,  possibly  its  nest  mate,  which  had  fledged 
prior  to  banding.  Both  birds  were  observed 
actively  begging  (calling  and  quivering  their 
wings)  from  both  adults  and  did  not  appear  to 
be  foraging,  although  they  flew  and  hopped 
among  the  branches  of  trees.  We  also  ob- 
served adult  Rota  Bridled  White-eyes  con- 
structing and  cleaning  (eating  fecal  sacs) 
nests,  but  did  not  observe  both  adults  simul- 
taneously building  nests  or  taking  part  in  nest 
sanitation. 

We  found  Rota  Bridled  White-eye  nests  at 
320-460  m in  elevation  in  the  native  tree  spe- 
cies Elaeocarpus  joga  (n  — 7),  Hernandia  la- 
byrinthica  {n  = 6),  and  Merrilliodendron  me- 
gacarpum  {n  = 4),  and  in  the  introduced  Aca- 
cia confusa  (n  = 3).  Mean  height  of  nests 
above  ground  (n  = 18)  was  8.3  m ± 0.7 
(range;  2.5-12.8  m).  Mean  height  of  nest  trees 
{n  — 16)  was  10.3  m ± 0.8  (range:  3.3-14.6 
m),  and  mean  dbh  of  nest  trees  (n  — 17)  was 
29.9  cm  ± 40.2  (range:  2.3-60.2  cm).  Mean 
distance  from  tree  bole  to  nest  (n  = 17)  was 
3.1  m ± 0.4  (range:  0.9-6. 7 m). 

All  Rota  Bridled  White-eye  nests  were  cup- 
like  and  the  nests  found  in  E.  joga,  M.  me- 
gacarpum,  and  A.  confusa  trees  were  all  sus- 
pended between  branches  and  branchlets.  Five 
of  the  six  nests  found  in  H.  labyrinthica  were 
suspended  between  branches  and  leaf  petioles. 
The  remaining  nest  was  suspended  from  Da- 
vallia  solida  ferns  below  a H.  labyrinthica 
branch. 

We  measured  nest  dimensions  of  four  Rota 
Bridled  White-eye  nests.  Mean  outer  height 
was  40.0  mm  ± 1.0  (range:  36.0-44.0  mm) 
and  cup  depth  was  28.0  mm  ± 1.0  (range: 
25.0-29.0  mm).  Mean  cup  diameter  was  45.9 
mm  ± 0.7  (range:  44.6-47.7  mm)  and  outer 
nest  diameter  was  59.0  mm  ± 0.7  (range: 
57.7—60.8  mm).  All  nests  appeared  to  be  com- 
posed of  rootlets,  woven  grass  or  Pandanus 
spp.  fibers,  spider  webs,  light  green  moss,  and 
a yellow,  cottony  material.  The  inner  cup  ap- 
peared to  be  composed  of  woven  grass  or 


Pandanus  spp.  fibers.  We  also  observed  a 
Rota  Bridled  White-eye  recycling  old  nest 
material  to  build  a new  nest;  we  did  not  ob- 
serve white-eyes  reusing  nests. 

DISCUSSION 

Previously  described  nest-site  characteris- 
tics and  nest  dimensions  (Yamashina  1932, 
Pratt  1985,  Lusk  and  Taisacan  1997)  are  sim- 
ilar to  what  we  found.  Of  the  three  nests  pre- 
viously reported,  only  two  indicated  the  tree 
species  in  which  the  nests  were  found.  One 
nest  was  in  H.  labyrinthica  (Lusk  and  Taisa- 
can 1997)  and  the  other  was  in  Hernandia 
spp.  (presumably  H.  labyrinthica',  Pratt  1985). 
Both  nests  were  also  found  in  areas  dominated 
by  H.  labyrinthica/E.  joga  mixed  forest  at 
>240  m in  elevation.  In  our  study  we  ob- 
served the  use  of  three  additional  tree  species, 
including  one  introduced  species,  A.  confusa; 
we  found  35%  of  our  nests  in  two  additional 
forest  types  {M.  megacarpum  and  A.  confusa 
forests).  Lusk  and  Taisacan  (1997)  report  that 
the  Rota  Bridled  White-eye  breeding  season 
extends  from  at  least  March  until  June.  Our 
observations  indicate  a breeding  season  from 
at  least  December  through  August.  However, 
the  species  probably  breeds  year-round,  as 
was  reported  for  the  Guam  Bridled  White-eye 
(Marshall  1949,  Jenkins  1983),  because  nest- 
ing was  observed  in  both  the  wet  and  dry  sea- 
sons. 

There  is  little  published  information  on  the 
nests  of  Saipan  and  Guam  Bridled  White- 
eyes.  Yamashina  (1932)  reported  clutch  size 
(1-3  eggs),  nest  dimensions  (40-55  mm  outer 
nest  height,  25-30  mm  cup  depth,  55-65  mm 
outer  diameter,  and  40-45  mm  cup  diameter), 
nest  heights  (2-4  m),  and  nest  tree  species 
(Pithecellobium  spp.)  for  three  Saipan  Bridled 
White-eye  nests  found  on  Tinian.  Seale  (1901) 
reported  nest  dimensions  (48  mm  outer  height, 
41  mm  outer  diameter,  and  25  mm  cup  depth) 
and  nest  tree  species  {Pithecellobium  dulce) 
for  one  Guam  Bridled  White-eye  nest.  Jenkins 
(1983)  reported  on  clutch  size  (2  eggs),  nest 
dimensions  (40-50  mm  nest  diameter  and  70- 
80  mm  “deep”),  nest  height  (2.4  m),  and  nest 
tree  species  {Leucaena  leucocephala)  for  one 
Guam  Bridled  White-eye  nest.  Hartert  (1898) 
reported  on  clutch  size  (2-3  eggs),  nest  width 
(50-80  mm),  and  nest  height  (1-2  m)  for 
“several”  Guam  Bridled  White-eye  nests. 
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Three  active  Saipan  Bridled  White-eye  nests 
were  reported  at  2.3-6  m above  ground  in  Ca- 
suarina  equisetifolia  and  Phragmites  karka 
(N.  C.  Johnson  unpubl.  data). 

Overall,  the  clutch  size  and  nest  dimensions 
we  found  for  the  Rota  Bridled  White-eye  are 
within  the  range  of  those  reported  for  both  the 
Saipan  and  Guam  Bridled  White-eye.  Height 
above  ground  of  Guam  and  Saipan  Bridled 
White-eye  nests  is  generally  lower  (<6  m) 
than  what  we  found  for  the  Rota  Bridled 
White-eye.  Differences  may  be  due  to  the  lim- 
ited sample  of  Guam  and  Saipan  Bridled 
White-eye  nests.  Interestingly,  all  of  the  iden- 
tifiable plant  species  used  as  nest  substrate  by 
Guam  and  Saipan  Bridled  White-eyes  were 
introduced  to  the  Mariana  Islands,  whereas  no 
Rota  Bridled  White-eye  nests  were  found  in 
any  of  these  plant  species.  This  apparent  dif- 
ference in  use  of  nest  substrate  is  also  likely 
due  to  the  limited  sample  of  Guam  and  Saipan 
Bridled  White-eye  nests. 

No  information  on  incubation  or  nestling 
and  post-fledging  parental  care  periods  is 
available  for  Bridled  White-eyes  on  Saipan, 
Tinian,  or  Guam.  Incubation  and  nestling  pe- 
riod data  are  known  for  Pale  White-eye  {Zos- 
terops  pallidus),  Silvereye  (Z.  lateralis),  and 
Japanese  White-eye  (Z.  japonicus).  The  Pale 
(Broekhuysen  and  Winterbottom  1968)  and 
Japanese  White-eyes  (Isobe  1997)  have  10- 
12  day  incubation  and  10-12  day  nestling  pe- 
riods, but  the  Silvereye  has  incubation  and 
nestling  periods  of  12-14  days  each  (Kikkawa 
and  Wilson  1983).  The  estimated  duration  of 
post-fledging  parental  care  is  approximately  2 
weeks  for  the  Silvereye  (Kikkawa  and  Wilson 
1983)  and  15-20  days  for  the  Japanese  White- 
I eye  (van  Riper  2000).  Based  on  this  infor- 
I mation,  the  Rota  Bridled  White-eye’s  period 
I of  post-fledging  parental  care  may  be  subslan- 
! tially  longer  than  the  8 days  we  observed; 
j more  observations  are  needed. 

I Kikkawa  and  Wilson  ( 1983),  report  that  the 

• eye-ring  on  recently  Hedged  Silvereye  chicks 
develops  after  a 1-week  period.  Van  Riper 

i (2000)  reports  an  eye-ring  development  period 
, of  23  days  for  the  .lapanese  White-eye.  Our 
observations  of  one  banded  fledgling  indicat- 
ed that  the  eye-ring  had  not  completely  dc- 

* veloped  8 days  after  fledging. 

Our  observations  of  nest  and  fledgling  at- 
tendance reveal  that  both  sexes  participate  in 


incubation,  brooding,  and  feeding  of  nestlings 
and  fledglings.  This  parallels  the  behavior  of 
many  other  white-eye  species  (Broekhuysen 
and  Winterbottom  1968,  Ali  and  Ripley  1974, 
Kikkawa  and  Wilson  1983,  van  Riper  2000). 
In  most  species  of  white-eyes  studied  to  date, 
both  sexes  also  participate  in  nest  construction 
(but  see  Ali  and  Ripley  1974).  Overall,  the 
breeding  behavior  of  the  Rota  Bridled  White- 
eye  appears  similar  to  that  of  other  white-eye 
species. 

We  found  Rota  Bridled  White-eye  nests  in 
H.  labyrinthica/E.  joga  mixed  forest,  M,  me- 
gacarpwn  forest,  and  introduced  A.  confusa 
forest  only  at  high  elevations  (>200  m).  Each 
forest  type  comprised  primarily  tall  trees  (10 
m)  that  were  large  in  diameter  (>10  cm;  Ami- 
don 2000),  and  all  forests  were  considered  wet 
forests  (Fosberg  1960,  Falanruw  et  al.  1989). 
Although  apparently  suitable  low-elevation 
white-eye  habitat  exists  on  Rota,  white-eyes 
are  now  restricted  to  mature  forests  at  higher 
elevations  for  reasons  that  are  unclear. 

We  recommend  additional  research  on  the 
breeding  ecology  of  Rota  Bridled  White-eyes 
and  comparisons  of  their  breeding  ecology 
with  that  of  the  Saipan  Bridled  White-eye. 
The  information  we  obtained  in  our  study  was 
limited;  additional  research  may  provide  more 
insight  into  why  the  Rota  Bridled  White-eye 
is  declining — and  restricted  to  high-elevation 
habitats — and  provide  valuable  information  to 
help  manage  and  recover  this  critically  endan- 
gered species. 
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PREY  OF  BREEDING  CHILEAN  HAWKS  (ACCIPITER  CHILENSIS) 
IN  AN  ANDEAN  NOTHOEAGUS  FOREST  IN 
NORTHERN  PATAGONIA 
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ABSTRACT. — We  quantified  the  diet  of  the  Chilean  Hawk  (Accipiter  chilensis)  by  analyzing  495  prey  remains 
collected  during  two  breeding  seasons  (2001-2002  and  2002-2003)  in  an  Andean  Nothofagus  forest  of  Nevados 
de  Chilian,  northern  Patagonia.  The  diet  was  almost  exclusively  birds  (97.8%  of  all  prey  remains),  with  relatively 
few  rodents  (1.6%)  and  insects  (0.6%).  At  least  19  vertebrate  species  composed  the  prey  remains  (1  small 
mammal  and  18  bird  species),  with  Austral  Thrush  {Turdus  falcklandii).  White-crested  Elaenia  (Elaenia  albi- 
ceps),  Black-chinned  Siskin  {Carduelis  barbata).  Fire-eyed  Diucon  {Xolmis  pyrope).  and  Thorn-tailed  Rayadito 
{Aphrastura  spinicauda)  being  the  most  common.  All  identified  vertebrate  prey  are  known  to  use  forest  habitats; 
47%  (n  = 9)  are  forest  specialists.  Prey  that  inhabit  both  forest  and  shrublands  accounted  for  82%  of  the  remains, 
and  18%  of  prey  remains  were  of  forest  specialists.  Our  results  indicate  that  during  the  breeding  season.  Chilean 
Hawks  in  Nevados  de  Chilian  are  pre-eminent,  bird-eating  predators  that  feed  primarily  on  forest-dwelling  birds. 
Received  25  February  2004,  accepted  12  October  2004. 


The  loss  of  old-growth,  native  forests  is  the 
most  serious  threat  to  the  flora  and  fauna  of 
the  Patagonian  temperate  forest  region  (Pu- 
entes 1994).  The  endemic,  forest-specialist 
fauna — including  various  raptors  (Jaksic  and 
Jimenez  1986,  Stotz  et  al.  1996) — is  the  most 
critically  threatened  (Willson  et  al.  1994,  Kelt 
2001).  However,  the  secretive  behavior  and 
low  population  densities  of  forest  raptors,  and 
the  complexity  of  their  habitats,  make  them 
very  difficult  to  study  (Thiollay  1996,  Bier- 
regaard  1998).  With  the  exception  of  the  Ru- 
fous-legged Owl  {St fix  rufipes;  Martinez  and 
Jaksic  1996,  1997;  Diaz  1999),  Chilean  forest 
raptors  are  not  well-studied.  Because  raptors 
are  top-level  predators  and  generally  have 
large  home  ranges,  an  understanding  of  their 
ecological  requirements  is  crucial,  particularly 
for  those  that  are  habitat  specialists  (Bierre- 
gaard  1998). 

The  Chilean  Hawk  {Accipiter  c/iilen.sis: 
Thiollay  1994)  is  one  of  the  least  studied  rap- 
tors in  the  Patagonian  temperate  forest.  This 
hawk  has  been  listed  as  rare  throughout  its 
entire  range  (Jaksic  and  Jimenez  1986),  al- 
though it  is  considered  relatively  common  in 
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the  Cape  Horn  province  (Venegas  and  Sielfeld 
1998).  Its  populations  are  considered  threat- 
ened due  to  increasing  habitat  loss  from  ex- 
tensive fires,  logging  pressures,  and  hunting 
(Jaksic  and  Jimenez  1986).  Most  of  what  we 
know  of  the  Chilean  Hawk’s  biology  is  de- 
scriptive (e.g.,  Housse  1945.  Johnson  1965); 
what  is  known  about  its  habitat,  feeding, 
breeding,  and  movements  was  summarized  by 
Thiollay  (1994).  Here,  we  report  on  the  Chi- 
lean Hawk’s  diet  during  the  breeding  season 
in  the  Andean  Nothofagus  forest  of  Nevados 
de  Chilian,  northern  Patagonia. 

METHODS 

Our  study  was  conducted  in  the  Huemules 
del  Niblinto  Nature  Sanctuary  and  National 
Reserve  (36°  45'  S,  71°  29'  W;  50  km  east  of 
Chilian),  located  in  northernmost  Patagonia 
(36-56°  S;  see  Vuilleumier  1985).  Niblinto  is 
a private/public  wildlife  area  ( — lO.OOO  ha) 
that  forms  part  of  the  Nevados  de  Chilian,  a 
priority  site  for  biodiversity  conservation  in 
Chile  (Munoz  et  al.  1996).  The  landscape 
around  the  Nevados  de  Chilian  is  rugged, 
composed  of  fairly  narrow  valleys  and  high 
hills  (8()()-2.5()()  111  elevation,  >45'  slopes). 
The  climate  is  Mediterranean,  characterized 
by  dry,  warm  (20-30  C)  summers  arul  cold 
(0-10  C),  wet  (rainy  and  snowy)  winters 
(mean  annual  precipitatiiui  >1,()(K)  mm). 

In  F ebruary  2()0(),  we  began  an  ecological 
study  of  high-Andean  and  forest  raptors  of 
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Nevados  de  Chilian.  Our  objectives  were  to 
( 1 ) determine  their  diets  and  relationships  to 
prey  abundance,  (2)  describe  their  breeding 
biology,  and  (3)  study  their  hunting  behavior. 
We  studied  the  diet  of  breeding  Chilean 
Hawks  from  prey  remains  collected  during  the 
austral  summers  of  2001-2002  and  2002- 
2003  at  two  nest  sites  (A  and  B;  7 km  apart) 
located  along  the  Niblinto  river  valley.  This 
valley  is  dominated  by  shrublands  and  sec- 
ond-growth, mixed-deciduous  forest  com- 
posed of  Nothofcigus  domheyi,  N.  obliqua,  N. 
alpina,  and  Podocarpiis  saligna.  The  older 
trees  can  reach  20-30  m in  height  and  0.5- 
1.1  m in  diameter;  canopy  cover  ranges  from 
50  to  85%.  The  midstory  is  composed  prin- 
cipally of  native  bamboo  (Chusquea  spp.;  2— 
3 m tall)  and  dispersed  shrubs  (e.g..  Luma  ap- 
iculata.  Rites  magellanica,  Azara  lanceolata. 
Fuchsia  magellanica;  1—2.5  m tall).  The  un- 
derstory is  composed  of  diverse  herbs,  shrubs, 
and  tree  saplings.  In  addition,  there  are  many 
old,  fallen  trees  (0.5-1. 5 m in  diameter).  Dur- 
ing the  1950s  and  1960s,  some  forested  areas 
were  cleared  by  both  logging  and  fire  to  create 
pasturelands.  These  previously  cleared  areas 
are  now  covered  by  dense  shrublands  com- 
posed of  Nothofagus  tree  saplings  and  pio- 
neering species  of  high-Andean  shrubs  {Ber- 
heris  spp.,  Pernettya  spp.,  Baccharis  spp.). 
The  proportions  of  forest  and  shrubland  in  Ni- 
blinto are  about  60  and  40%,  respectively. 

Prey  remains  at  nest  site  A were  collected 
during  18-25  February  2002  (fledgling  peri- 
od), 8-10  December  2002  (incubation  period), 
22  January-5  February  2003  (brood-rearing 
period),  and  7-26  February  2003  (fledgling 
period).  At  nest  site  B,  remains  were  collected 
only  during  18-25  February  2002.  Each  day 
we  searched  for  prey  remains  under  nests  ( 1 6- 
18  m above  ground)  and  under  all  trees  con- 
sidered to  be  potential  plucking  posts  (10-20 
m tall).  We  collected  feathers,  feet,  carcasses, 
skulls,  bills,  and  fur.  Most  samples  were  col- 
lected at  specific  locations  (within  a 1-  to  2- 
m radius)  and  generally,  remains  were  from 
one  prey  item.  When  samples  contained  feath- 
ers of  >1  avian  species,  they  were  analyzed 
in  the  laboratory.  If  > 1 species  was  identified 
in  a sample,  each  was  considered  a separate 
prey  remain.  On  each  sampling  day,  we  col- 
lected all  remains  found  to  avoid  duplication 
in  subsequent  collections.  Because  plucked 


feathers  that  caught  on  branches  may  have 
been  dislodged  later  by  wind,  it  is  probable 
that  a fraction  of  our  samples  were  duplicated. 
It  was  not  possible  to  discriminate  prey  re- 
mains with  respect  to  the  sex  or  age  of  the 
hawk  that  captured  them. 

Remains  of  birds  and  small  mammals  were 
identified  using  reference  material  at  the  Zo- 
ology Institute  and  the  Ecology  and  Evolution 
Institute,  University  Austral,  Chile.  We  iden- 
tified prey  items  to  the  lowest  possible  taxo- 
nomic category;  bird  species  were  identified 
by  feather  color,  small  mammals  by  hair  color 
or  molar  structure,  and  insects  by  head  cap- 
sules or  elytra  (according  to  keys  in  Pena 
1986).  Because  Chilean  Hawks  plucked  and 
quartered  vertebrate  prey  at  a number  of 
plucking  posts  (especially  large  prey),  our 
samples  were  not  independent;  therefore,  a 
single  set  of  prey  remains  could  not  be  as- 
sumed to  represent  the  entire  individual  prey 
item.  Studies  of  prey  remains  may  overesti- 
mate the  numbers  of  birds  and  underestimate 
the  numbers  of  smaller  prey,  such  as  lizards 
or  insects  (e.g.,  Watson  et  al.  1998);  thus,  we 
quantified  dietary  components  as  a percentage 
of  occurrence  for  a given  taxon  (Fo)  by  divid- 
ing the  number  of  remains  of  that  taxon  by 
the  total  number  of  prey  remains  for  all  taxa 
(Marti  1987).  We  further  evaluated  the  diet  of 
Chilean  Hawks  with  respect  to  the  preferred 
habitats  of  their  prey.  Prey  species  exclusively 
or  primarily  inhabiting  forest  were  classified 
as  forest  specialists,  and  those  occupying  both 
forests  and  shrublands  were  classified  as  for- 
est/shrubland  dwellers. 

RESULTS 

We  collected  495  samples  of  prey  remains 
(488  at  site  A and  7 at  site  B).  We  identified 
18  bird  and  1 mammal  species  (Table  1).  Pas- 
serines were  the  dominant  bird  prey,  with 
Austral  Thrush  {Turdus  falcklandii).  White- 
crested  Elaenia  {Elaenia  albiceps),  Black- 
chinned  Siskin  {Carduelis  harhata).  Fire-eyed 
Diucon  (Xolmis  pyrope),  and  Thorn-tailed 
Rayadito  (Aphrastura  spinicauda)  being  the 
most  common  (Table  1).  The  occurrence  of 
rodents  (1.6%)  and  insects  (0.6%)  in  the  diet 
was  negligible.  Of  the  19  vertebrate  prey  iden- 
tified to  species,  47%  (n  = 9)  were  forest  spe- 
cialists and  53%  (n  = 10)  inhabit  both  forests 
and  shrublands  (Table  1).  By  occurrence,  the 
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TABLE  1.  Diet  of  breeding  Chilean  Hawks  (Accipiter  chilensis)  based  on  prey  remains  collected  during  the 
breeding  seasons  of  2001-2002  and  2002-2003  from  two  nest  sites  in  an  Andean  Nothofagus  forest,  Nevados 
de  Chilian,  northern  Patagonia.  Fo  = percentage  of  occurrence,  n = number  of  prey  remains. 

Prey  species 

Mass  (g)“ 

Habitat^ 

Fo  (n) 

Mammals 

Abrothrix  longipilis 

30 

F 

1.0  (5) 

Unknown  Sigmodontinae 

0.6  (3) 

Birds 

Enicognathus  ferrugineus 

170 

F 

0.2  (1) 

Picoides  lignarius 

42 

F 

1.0  (5) 

Colaptes  pitius 

330 

F,  S 

0.4  (2) 

Cinclodes  patagonicus 

50 

F,  S (A) 

0.2  (1) 

Aphrastura  spinicauda 

11 

F 

3.0  (15) 

Leptasthenura  aegithaloides 

9 

F,  S 

0.2  (1) 

Pygarrhichas  alhogularis 

23 

F 

1.8  (9) 

Unknown  Furnariidae 

0.4  (2) 

Pteroptochos  castaneus 

1 10 

F 

1.8  (9) 

Scelorchilus  rubecula 

60 

F 

2.0  (10) 

Scytalopus  magellanicus 

12 

F 

0.2  (1) 

Unknown  Rhinocryptidae 

1.4  (7) 

Xolmis  pyrope 

36 

F,  S 

6.7  (33) 

Elaenia  alhiceps 

16 

F,  S 

17.0  (84) 

Colorhamphus  parvirostris 

11 

F 

0.2  (1) 

Unknown  Tyrannidae 

0.8  (4) 

Troglodytes  aedon 

10 

F,  S 

0.4  (2) 

Turdus  falcklandii 

87 

F S 

18.4  (91) 

Curaeus  curaeus 

90 

F S 

0.4  (2) 

Phrygilus  patagonicus 

38 

F S 

1.8  (9) 

Carduelis  harhata 

15 

F S 

7.1  (35) 

Unknown  Fringillidae 

1.8  (9) 

Unknown  Passeriformes 

27.0  (133) 

Other,  unknown  birds 

3.6  (18) 

Insects 

Aeshna  spp. 

0.2  (1) 

Coleoptera 

0.4  (2) 

Total  prey  remains 

495 

“Weights  for  E.  ferrugineus,  C.  piiiu.s,  C.  patagonicus,  P.  alhogularis,  and  5.  magellanicus  were  given  by  R.  P.  Schlatter  (pers.  comm.);  weights  for 
remaining  species  were  taken  from  Jimenez  and  Jaksic  (1989)  and  Egli  (1996)  for  birds,  and  from  unpublished  data  of  the  authors  for  small  mammals. 

^ Habitat  types  from  Rozzi  et  al.  (1996)  for  birds  and  from  the  authors’  unpublished  data  for  small  mammals:  A = aquatic,  F — forest.  S = shrubland. 


forest/shrublaruJ  (Jwellers  were  the  most  com- 
mon prey  (Fo  = 82%);  the  remaining  18% 
were  forest  specialists. 

DISCUSSION 

The  Chilean  Hawk  has  been  (Jescribed  as  a 
bird-eating  predator  (Housse  1945,  Johnson 
1 1965).  Our  finding  that  birds — the  Austral 

I Thrush  in  particular — constitute  the  main  prey 
J of  the  Chilean  Hawk  concurs  with  a previous 
j report  by  Housse  (1945).  Although  the  C’hi- 
I lean  f^igeon  (Columha  amucdtut)  has  been  de- 
j scribed  as  one  (jf  the  C'hilean  Hawk's  main 
I prey  species  (Johnson  1965).  no  pigeon  re- 


mains were  found  in  our  collections,  due,  per- 
haps, to  the  low  abundance  of  Chilean  Pi- 
geons at  our  study  site  (<1%  of  all  counted 
birds;  RAFR  unpubl.  data)  and/or  to  the  fact 
that  we  collected  most  prey  remains  from  only 
one  nest  site.  Our  finding  of  various  rodents 
among  prey  remains  contradicts  a previous  as- 
sertion that  the  Chilean  Hawk  is  strictly  a 
bird-eating  raptor  (Housse  1945,  Johnson 
1965)  and  supports  Figueroa  et  al.  (2001), 
who  reported  yellow-nosed  held  mouse 
(Ahrothrix  xanthorhinus)  iji  the  diet  of  Chi- 
lean Hawks  in  Nothofagus  forests  of  Tierra 
del  Fuego.  Although  li/ards  are  relatively 
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common  in  our  study  area,  we  did  not  find 
lizard  remains  among  our  samples — most 
likely  because  lizards  are  consumed  whole  by 
Chilean  Hawks  (as  we  occasionally  observed 
after  this  study).  During  February  2004  near 
nest  site  A,  SCS  observed  a juvenile  Chilean 
Hawk  capture  and  swallow  a lizard  whole 
{Liolaemiis  spp.,  13-14  cm  length). 

The  most  common  prey  items  in  the  Chi- 
lean Hawks’  diet  appeared  to  represent  the 
most  abundant  species  at  our  study  site. 
Thorn-tailed  Rayadito,  White-crested  Elaenia, 
Black-chinned  Siskin,  and  Austral  Thrush  ac- 
counted for  13,  12,  6.5,  and  5%,  respectively, 
of  all  individual  birds  counted  in  two  point- 
count  plots  established  around  nest  site  A 
(RAFR  unpubl.  data).  This  may  indicate  that 
Chilean  Hawks  capture  prey  species  in  pro- 
portion to  their  local  abundances;  however,  we 
could  not  test  this  possibility  statistically  be- 
cause we  studied  only  one  nesting  area.  The 
Austral  Thrush  may  have  been  captured  pref- 
erentially because  of  its  large  body  size  (see 
Table  1).  The  White-crested  Elaenia  actively 
moves  among  branches  when  foraging,  which 
may  increase  its  detectability  and,  perhaps,  its 
vulnerability  to  predation.  It  is  not  surprising 
that  Chilean  Hawks  preyed  on  species  inhab- 
iting canopy  or  midstory  layers  because  the 
hawks  also  occupy  those  layers;  we  were, 
however,  surprised  to  find  that  these  hawks 
also  forage  on  ground-dwelling  species  (e.g., 
rhinocriptids).  On  most  occasions,  we  ob- 
served Chilean  Hawks  moving  with  agility 
through  and  under  the  dense  thickets  of  native 
bamboo  inside  the  forest,  thus  demonstrating 
their  ability  to  maneuver  through  dense  habi- 
tats. 

The  diet  of  Chilean  Hawks  in  our  study 
area  was  very  similar  to  that  reported  for  the 
closely  related  Bicolored  Hawk  (Accipiter  bi- 
color).  In  tropical  forests  of  Guatemala,  Thor- 
strom  and  Quixchan  (2000)  found  that  95%  of 
the  identified  prey  delivered  to  nests  was  com- 
posed of  birds,  primarily  passerines.  Like  the 
Chilean  Hawk,  the  Bicolored  Hawk  in  Gua- 
temala ate  rodents  in  small  amounts  (3%);  in 
the  Amazonian  forest  of  Peru,  Robinson 
(1994)  reported  at  least  13  bird  species  and  1 
squirrel  species  in  the  diet  of  Bicolored 
Hawks.  In  the  southern  temperate  forest,  the 
Chilean  Hawk  appears  to  take  more  birds  than 
some  other  Falconiformes;  for  example,  in  a 


Nothofagus  forest  of  southern  Chile,  the  diet 
composition  of  breeding  Rufous-tailed  Hawks 
(Buteo  ventralis)  was  more  evenly  composed 
of  birds  and  mammals  (55  and  40%,  respec- 
tively; Figueroa  et  al.  2000).  In  Nothofagus 
forests  of  southern  Argentina,  breeding 
White-throated  Hawks  {B.  albigula)  also  had 
a more  generalized  diet,  including  not  only 
birds  but  rodents  and  reptiles  as  well  (Trejo  et 
al.  2004).  These  comparisons,  however, 
should  be  viewed  with  caution  because  each 
study  entailed  different  methods  of  quantify- 
ing diet. 

Increasing  forest  fragmentation  in  Patagon- 
ia may  have  detrimental  effects  on  the  diver- 
sity and  composition  of  forest-dwelling  spe- 
cies (Willson  et  al.  1994,  Rau  and  Gantz 
2001);  in  turn,  this  may  have  a negative  effect 
on  the  availability  of  potential  prey  for  forest- 
dwelling raptors.  The  Chilean  Hawk  should  be 
given  high  priority  in  future  studies  to  better 
understand  its  role  and  ecology  in  forest  hab- 
itats. 
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Group  Roosting  Behavior  of  Yellow  Tyrannulets  (Capsiempis  flaveola) 

Stefan  Woltmann* 


ABSTRACT. — For  4 consecutive  evenings  in  south- 
ern Nicaragua,  a group  of  three  Yellow  Tyrannulets 
{Capsiempis  flaveola)  roosted  in  the  same  plant,  and 
always  arrived  approximately  45  min  before  last  light. 
Pre-roosting  behavior  appeared  stereotyped  and  in- 
cluded mutual  preening  and  a peculiar  manner  of  hop- 
ping over  one  another.  These  three  birds  presumably 
left  the  roost  around  first  light  each  morning.  Received 
4 May  2004,  accepted  6 October  2004. 


Despite  the  large  amount  of  time  birds 
spend  at  roost  sites  and  their  presumed  vul- 
nerability while  asleep,  little  is  known  about 
roosting  behavior  of  most  species,  especially 
those  in  the  Neotropics.  Skutch  (1989)  pro- 
vides a general  overview  of  avian  roost  sites 
and  behavior,  especially  of  Neotropical  pas- 
serines. Among  the  Tyrannidae,  Skutch  (1989) 
reported  “sleeping  in  contact”  in  both  Platyr- 
inchinae  (Common  Tody-Flycatcher,  Todiros- 
trum  cinereum)  and  Tyranninae  (Social  Fly- 
catcher, Myiozetetes  similis;  Tropical  King- 
bird, Tyrannus  melancholicus),  whereas 
“sleeping  in  pairs”  (i.e.,  roosting  in  close 
proximity,  but  not  in  contact)  was  noted  in 
Tyranninae  (Gray-capped  Flycatcher,  Myioze- 
tetes granadensis;  Boat-billed  Flycatcher,  Me- 
garhynchus  pitangua)  and  Elaeniinae  (Yel- 
low-bellied Elaenia,  Elaenia  flavogaster).  In 
these  examples,  the  roosting  groups  consist  of 
a few  individuals  known  or  suspected  to  be 
paired  or  related.  Cooperatively  breeding 
birds  may  be  particularly  prone  to  roosting  in 
contact  (Skutch  1989),  but  few  tyrannids  are 
reported  or  suspected  to  breed  cooperatively 
(2-3  species  out  of  >375),  and  these  species 
may  not  always  do  so  (Thomas  1979,  Ricklefs 
1980,  Brown  1987;  J.  A.  Mobley  pers. 
comm.).  Migratory  kingbirds  (Tyranninae: 
Tyrannus  spp.)  have  been  observed  roosting 
in  large  groups  during  the  non-breeding  sea- 
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son  (Skutch  1989,  Mayer  2004).  Some  tropi- 
cal tyrannids  that  build  covered  or  globular 
nests  also  roost  (either  individually  or  with 
young)  in  these  structures  year-round  (Fluvi- 
colinae:  Sulphur-rumped  Flycatcher,  Myiohius 
sulphureipygius',  Skutch  1989),  and  Eye- 
ringed  Flatbills  (Platyrinchinae:  Rhynchocy- 
clus  brevirostris)  sometimes  build  a different 
type  of  nest  for  roosting  than  for  breeding 
(Skutch  1960).  I describe  here  observations  of 
the  roosting  behavior  of  a group  of  three  Yel- 
low Tyrannulets  (Elaeniinae:  Capsiempis  flav- 
eola), whose  roosting  behavior  has  not  been 
described  previously. 

The  Yellow  Tyrannulet  (7.9  g)  is  a sexually 
monomorphic,  open-cup-nesting,  lowland  ty- 
rannid,  resident  from  eastern  Nicaragua  south 
across  northern  South  America,  and  disjunct- 
ly(?)  from  Bolivia  east  into  southeastern  Bra- 
zil (Ridgely  and  Gwynne  1989,  Ridgely  and 
Tudor  1994,  Hilty  2003).  In  Central  America, 
it  lives  in  pairs  or  small  (possibly  family) 
groups  in  lowland  thickets,  overgrown  pas- 
tures, and  forest  edges  (Skutch  1960,  Ridgely 
and  Gwynne  1989;  SW  pers.  obs.),  but  is  of- 
ten associated  with  bamboo  in  South  America 
(Ridgely  and  Tudor  1994;  SW  pers.  obs.).  The 
observations  reported  here  were  made  in  the 
evening,  6-9  April  2004,  at  the  confluence  of 
the  Rio  Bartola  and  Rio  San  Juan,  Refugio 
Bartola,  Depto.  Rio  San  Juan,  Nicaragua  (10° 
58'  N,  84°  20'  W;  30  m asl).  Daytime  tem- 
peratures were  approximately  30°  C,  dropping 
to  22—25°  C at  night;  there  was  no  precipita- 
tion during  this  period.  Observations  were 
made  at  the  edge  of  a clearing,  where  an  over- 
grown pasture  and  secondary  forest  growth 
met.  The  1.5-ha  pasture  was  adjacent  to  the 
Rio  San  Juan,  and  consisted  mostly  of  grasses 
(1.5-2  m high)  interspersed  with  clumps  (1.5- 
3 m high)  of  an  unidentified  slender,  woody 
legume  with  finely  pinnate  leaves  and  yellow 
flowers. 

On  6 April,  at  17:40  CST  (~15  min  before 
sunset;  35  min  before  complete  darkness). 
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three  Yellow  Tyrannulets  appeared,  giving 
I many  single  “wit”  or  “weet”  notes.  These 
vocalizations,  while  having  a quality  charac- 
teristic of  the  species,  were  unlike  the  typical 
two-syllabled  calls  given  while  foraging  and 
at  other  times  of  the  day.  In  contrast  to  the 
shy  behavior  of  this  species  described  by 
Skutch  (1960),  the  birds  were  unwary,  and 
gave  no  indication  of  being  disturbed  by  my 
presence  15  m away.  While  making  many 
short  flights  and  hops  through  the  vegetation, 
the  group  quickly  converged  on  the  roost 
plant,  a thin  woody  legume  (2.2  m high)  en- 
twined by  a vine  with  cordate  leaves.  The 
birds  all  perched  on  the  same  branch  1.5  m 
above  ground,  which  placed  them  at  the  lower 
i edge  of  the  plant’s  foliage.  The  birds’  position 
left  them  completely  exposed  on  three  sides, 
but  leaves  from  the  plant  and  associated  vine 
provided  total  cover  from  above — roost-site 
characteristics  that  Skutch  (1989)  reported  for 
several  other  tyrannids. 

^ Upon  alighting  on  the  roost  branch,  the 
' birds  appeared  to  “jockey”  for  position,  fre- 
quently hopping  over  one  another.  This  could 
have  been  an  effort  to  gain  the  center  position, 
i but  it  was  not  uncommon  for  two  birds  to  en- 
gage in  this  hopping  while  the  third  looked  on 
from  a branch  a few  centimeters  away.  This 
hopping  behavior  appeared  highly  stereo- 
typed: a bird  hopped  over  a single  adjacent 
bird,  and  the  hopping  bird  alit  as  close  as  pos- 
sible to  the  bird  it  hopped  over.  Sometimes  the 
hopping  bird  simply  walked  quickly  over  the 
back  of  its  neighbor,  but  more  typically  the 
hopping  was  of  the  same  character  as  that  of 
' the  hopping  exhibited  by  some  male  manakins 
(Pipridae)  at  leks.  During  this  time,  the  birds 
I frequently  vocalized  and  faced  opposite  direc- 
tions, but  after  7 min  they  became  silent  and 
all  faced  the  same  direction.  Once  settled,  the 
three  birds  were  in  direct  contact  with  each 
other  and  the  contour  feathers  were  fluffed  out 
somewhat.  The  birds  remained  in  this  posi- 
tion, eyes  open  and  looking  about,  until  total 
darkness.  The  most  common  position  for  the 
group  entailed  all  birds  facing  the  same  direc- 
tion, the  middle  bird  looking  straight  ahead, 

( and  both  outer  birds  looking  away  from  the 
i center  one;  this  was  the  position  the  birds 
were  in  at  the  end  of  my  observations  on  all 
I 4 evenings.  Roosting  in  direct  contact  with 
other  individuals  has  been  noted  in  both  clac- 


niine  and  tyrannine  tyrannids,  and  most  often 
involves  young  siblings,  or  young  and  their 
parents;  adult  mated  pairs  apparently  roost 
less  often  in  direct  contact  with  each  other 
(Skutch  1989). 

During  the  next  3 evenings,  the  birds  ar- 
rived slightly  earlier  (17:20-17:30),  did  not 
vocalize  as  much  as  on  the  first  evening,  and 
were  always  settled  by  17:35.  It  was  not  pos- 
sible to  determine  whether  the  birds  always 
approached  the  roost  site  from  the  same  di- 
rection or  traveled  together,  but  each  evening 
they  appeared  synchronously  from  the  vege- 
tation surrounding  the  roost  plant.  A few  spo- 
radic observations  of  Yellow  Tyrannulets  in 
the  pasture  during  the  day  were  all  of  single 
individuals,  but  it  was  difficult  to  determine 
whether  or  not  other  individuals  were  nearby 
in  thick  vegetation.  The  birds  always  roosted 
in  the  same  plant  and  alternated  daily  between 
roosting  on  one  of  two  branches  that  were 
only  a few  centimeters  apart.  On  one  evening, 
after  the  birds  had  already  settled,  the  birds 
were  flushed  from  the  roost  by  a pair  of  Gray- 
ish Saltators  {Saltator  coerulescens).  The  tyr- 
annulets returned,  briefly  jockeyed  for  posi- 
tion, engaged  in  some  mutual  preening,  and 
settled  again  within  4 min.  Roost  site  fidelity 
in  birds  is  not  uncommon  (Skutch  1989,  Wil- 
lis and  Oniki  2003),  but  because  1 was  only 
able  to  check  the  roost  site  for  these  4 con- 
secutive days,  I do  not  know  how  frequently 
the  site  was  used  otherwise. 

I was  unable  to  determine  precisely  when 
the  birds  left  the  roost  in  the  morning.  On  2 
mornings,  1 checked  the  roost  at  05:30  (—25 
min  after  first  light)  and  the  birds  were  already 
gone.  1 made  one  check  of  the  roost  at  04:30 
(total  darkness)  with  a flashlight,  and  the  birds 
were  still  asleep  at  the  roost.  Thus,  these  birds 
probably  left  the  roost  somewhere  around  first 
light. 

Despite  observing  the  tyrannulets  at  close 
range  with  binoculars,  1 was  unable  to  detect 
any  differences  in  plumage  (U'  behavior  that 
might  suggest  something  about  the  relation- 
ship of  the  birds.  Yellow  Tyrannulets  breed  at 
almost  any  time  of  year  (in  Costa  Rica)  and 
lay  two  eggs  per  clutch  (Skutch  1960):  thus, 
it  is  not  likely  that  this  was  a group  of  three 
young  siblings  roosting  together,  as  Skutch 
(1989)  describes  for  a group  of  Rusty-mar- 
gined  I lycatchers.  Only  the  female  is  thought 
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to  incubate  eggs  in  Yellow  Tyrannulets,  but 
the  male  helps  feed  the  nestlings  (Skutch 
1960).  Extra-pair  helpers  at  the  nest  are  not 
known  for  Yellow  Tyrannulets,  and  generally 
are  rare  among  tyrannids  (Brown  1987).  Thus, 
I may  have  been  observing  two  adults  with 
one  young,  one  adult  with  two  young,  or  three 
adults.  Either  of  the  first  two  scenarios  sug- 
gests that  the  young  stay  with  their  parents 
until  their  plumage  appears  (at  least  under 
held  conditions)  identical  to  that  of  the  adult. 
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Foraging  by  a Red-tailed  Hawk  along  a Wetland  Edge:  How  Large  a 

Duck  can  be  Captured? 

Joseph  R.  Jehl, 


ABSTRACT— A Red-tailed  Hawk  (Buteo  jamai- 
censis',  estimated  mass  1,000-1,200  g)  failed  to  kill  a 
Red-breasted  Merganser  (Mergus  serrator,  estimated 
mass  1,150  g)  that  it  captured  in  shallow  water  (<25 
cm),  but  evidently  dispatched  a starving  Red-necked 
Grebe  (Podiceps  grisegena\  mass  645-660  g).  These 
observations  are  pertinent  to  estimating  the  upper  mass 
limit  for  successful  foraging  in  water.  Received  9 April 
2004,  accepted  2 September  2004. 


Falconers  were  familiar  with  prey  selection 
centuries  before  ideas  about  “optimal  forag- 
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ing”  were  formalized  (e.g.,  Krebs  and  Davies 
1978).  Originally,  their  interest  was  practical 
and  involved  questions  such  as  what  size  prey 
a hawk  could  bring  to  the  table.  Much  later, 
with  the  rise  of  wildlife  management  pro- 
grams, raptor  enthusiasts  turned  to  broader 
ecological  questions,  including  the  impact  and 
selective  effects  of  predators  on  prey  popula- 
tions (e.g.,  Rudebeck  1950,  1951;  Craighead 
and  Craighead  1956;  Luttich  et  al.  1970).  In 
a classic  study  involving  four  species  (Accip- 
iter  nisus,  Falco  columbarius,  F.  peregriniis, 
Haliaeetus  albicilla),  Rudebeck  (1950,  1951) 
reported  that  an  average  of  19%  (range:  14- 
33%)  of  birds  captured  for  prey  “exhibited 
injury,  abnormality,  or  abnormal  behavior.” 
From  this  he  concluded  that  raptors  probably 
selected  weak  or  unfit  birds  in  numbers  dis- 
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proportionate  to  their  representation  in  the 
natural  population.  That  viewpoint  has  be- 
come conventional  wisdom  (e.g.,  Mansell 
1980)  despite  cautions  that  “the  general  idea 
that  predators  cull  the  injured  and  sick  may 
be  in  part  a phenomenon  of  what  catches  the 
human  eye”  (Drury  1998:163). 

I report  the  behavior  and  prey  choice  of  an 
immature  Red-tailed  Hawk  (Buteo  jamaicen- 
sis)  that  foraged  in  atypical  habitat.  Over  the 
winter  of  2002-2003,  the  hawk  took  up  resi- 
dence in  a swampy  woodland  in  Annapolis, 
Maryland,  often  perching  8 m high  in  a large 
oak  {Quercus  sp.)  at  the  edge  of  a tidal,  brack- 
ish water  embayment.  On  7 April  2003,  at 
about  15:00  EDT  on  a cold  (5°  C)  and  rainy 
afternoon,  the  hawk  jumped  from  its  perch 
and  plunged  into  the  water  about  30  m away. 
My  initial  view  was  obscured  by  vegetation, 
but  much  splashing  ensued.  Two  min  later  I 
watched  the  soaked  hawk  struggle  ashore  with 
great  difficulty,  flapping  its  wings  and  hop- 
ping on  one  foot,  the  other  being  imbedded  in 
the  back  of  a still-living  male  Red-breasted 
Merganser  (Mergus  serrator;  expected  mass 
1,150  g;  Titman  1999).  The  strike  had  been 
made  within  2 m of  shore,  probably  in  water 
<25  cm  deep.  After  several  minutes,  the  hawk 
dragged  the  merganser  onto  dry  land  and  then 
stood  over  it  for  a few  minutes,  seemingly  ex- 
hausted. It  then  “mantled”  and  attempted  to 
finish  the  kill  by  severing  the  neck.  But  at  the 
last  minute  the  merganser  struggled,  like  a 
wrestler  avoiding  being  pinned,  which  nulli- 
fied the  effort.  For  the  next  5 min,  the  hawk 
remained  motionless,  and  then  attempted  the 
kill  again  with  the  same  negative  results.  Once 
more  it  rested  for  5-8  min,  during  which  time 
' the  merganser  occasionally  ventured  a weak 
flap,  which  elicited  no  response.  The  attempt 
to  dispatch  the  merganser  was  repeated  sev- 
eral more  times,  always  ending  in  a stalemate. 

I After  48  min,  and  with  darkness  approaching, 

I the  hawk  suddenly  gave  up  and  flew  away, 
j The  merganser  lay  motionless  for  about  30 
sec,  then  shuffled  into  the  water  and  swam  out 
I of  sight,  looking  rumpled  and  listing  slightly 
I to  one  side.  At  the  site,  1 found  no  sign  of 
I blood  and  only  a few  merganser  feathers. 

I;  Six  days  earlier  I had  found  a dead,  adult 
I male  Red-necked  Grebe  (Bodiceps  grisegrna) 

\ 28  m from  where  the  merganser  was  attacked; 

this  was  60  m from  the  hawk's  perch.  The 


grebe  had  been  in  the  area  for  about  5 days 
previously,  often  diving  in  very  shallow  water 
within  a few  meters  of  shore.  On  examining 
the  carcass,  which  was  on  shore  and  just 
above  the  high  tide  line,  I judged  that  it  had 
been  dispatched  by  a raptor,  and  not  scav- 
enged by  a mammal.  The  body  had  been 
ripped  open  from  the  back,  the  neck  severed, 
and  there  were  bill  marks  on  the  end  of  the 
scapula  and  ribs  (cf.  Blohm  et  al.  1980).  The 
grebe  was  emaciated  and,  had  it  not  been 
killed,  would  have  soon  died  of  starvation.  Its 
gizzard  contained  a few  well-ground  frag- 
ments of  beetle  exoskeleton  and  two  fresh  am- 
phipods  about  7 mm  long.  The  condition  of 
the  amphipods  indicates  that  it  had  been  ca- 
pable of  diving  until  a short  time  before  its 
death  and,  therefore,  had  been  killed.  The  car- 
cass weighed  565  g and  was  lacking  heart, 
lungs,  part  of  the  liver,  and  most  of  the  intes- 
tine; part  of  the  right  breast  and  leg  had  been 
devoured.  By  extrapolating  from  data  on  the 
body  composition  of  Eared  Grebes  {P.  nigri- 
collis;  Jehl  1997)  and  comparing  the  mass  of 
the  intact  and  eaten  parts  of  the  Red-necked 
Grebe,  I calculated  that  90  g of  muscle  was 
missing  and  that  the  intact  bird  weighed  645- 
660  g.  A healthy  grebe  in  winter  would  be 
expected  to  weigh  about  1,330  g (Stout  and 
Nuechterlein  1999). 

Red-tailed  Hawks  (average  mass  1,000- 
1,200  g,  depending  on  sex)  feed  mainly  on 
small  mammals,  but  have  been  known  to  take 
prey  (e.g.,  jackrabbits)  weighing  up  to  about 
2,000  g (Preston  and  Beane  1993).  They  have 
been  reported  occasionally  (usually  from  prey 
found  in  the  nest)  to  feed  on  several  species 
of  dabbling  ducks,  including  Northern  Pintail 
(Anas  acuta;  Bent  1937),  and,  in  one  instance, 
on  a grebe  (Luttich  et  al.  1970).  In  those  re- 
ports, details  of  prey  size,  health,  and  the  con- 
ditions of  capture  were  not  given.  Sargeant  et 
al.  (1993)  reported  that  certain  raptors  in  the 
Prairie  Pothole  region  may  “prey  extensively 
on  adult  ducks.”  Red- tailed  Hawks  were 
among  the  raptcu'  species  mentioned,  but  evi- 
dence for  their  involvement  was  circumstan- 
tial. Murphy  (1994)  observed  a Red-tail  feed- 
ing on  an  adult  female  Gadwall  (A.  strepera) 
in  a prairie:  the  circumstances  suggested  that 
it  had  been  caught  on  land  nearby.  He  also 
saw  an  immature  Red-tail  capture  a young 
Blue-winged  Teal  (/\.  discors)  from  a swim- 
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ming  brood,  and  then  transport  it  with  great 
difficulty  to  shore.  The  average  mass  of  pin- 
tails is  800  g (female)  to  1,000  g (male;  Aus- 
tin and  Miller  1995),  mass  of  female  Gadwalls 
is  about  700  g (J.  R.  Jehl,  Jr.  unpubl.  data), 
and  that  of  teal  ducklings  is  <400  g (Rowher 
et  al.  2002). 

A buteo’s  ability  to  capture  and  dispatch 
prey  must  be  much  greater  on  land  than  in 
water,  where  its  normal  killing  behavior 
would  be  hampered.  In  the  present  case,  a 
Red-tailed  Hawk  (1,000-1,200  g)  failed  to  kill 
a Red-breasted  Merganser  (1,150  g)  but  killed 
a starving  Red-necked  Grebe  (645-650  g). 
This  suggests  that  the  upper  size  limit  for  a 
Red-tailed  Hawk  to  capture  healthy  prey  in 
aquatic  situations  may  be  about  800  g.  This  is 
about  80%  of  its  mass  and  approximately  the 
average  mass  for  large  dabbling  duck  species. 
Additional  observations  would  be  instructive. 
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Adult  Gray  Jay  Captures  an  Adult  Black-capped  Chickadee 

Douglas  C.  Tozer^  '* *  '^  and  Martha  L.  Allen^ 


ABSTRACT. — We  observed  an  adult  Gray  Jay 
{Perisoreus  canadensis)  that  had  captured  an  adult 
Black-capped  Chickadee  (Poecile  atricapillus)  in  Al- 
gonquin Provincial  Park.  Ontario.  Canada,  during  win- 
ter. Aerial  pursuit  of  small,  adult  birds  and  an  instance 
of  capture  and  predation  of  a juvenile  bird  by  a Gray- 
Jay  have  been  reported  previously.  Here,  we  present 
the  first  documented  case  of  capture  of  a seemingly 
I uninjured,  adult  bird.  Received  22  March  2004,  ac- 
cepted 12  October  2004. 


The  Gray  Jay  {Perisoreus  canadensis)  is 
well  known  for  its  diverse  diet.  Foods  cited  in 
the  literature  include  arthropods,  berries,  car- 
rion, nestling  birds,  fungi  (Strickland  and 
Ouellet  1993);  a blood-stained  weasel  (Bent 
1946):  an  injured  Green-winged  Teal  {Anas 
crecca\  Ouellet  1970);  a well-decomposed 
. seal  carcass  (Ouellet  1970);  live  deer  mice 
] {Peromyscus  maniculatiis\  Gill  1974);  blood- 
engorged  winter  ticks  {Dennacentor  albipic- 
. tus;  Addison  et  al.  1989);  and  insects  caught 
, in  the  air,  flycatcher-style  (Lawrence  1968, 

■ Strickland  and  Ouellet  1993).  When  available, 

1 eggs,  nestlings,  and  weak-flying  fledglings  of 
f many  bird  species  are  commonly  eaten  (Ouel- 
! let  1970,  Strickland  and  Ouellet  1993). 

I It  has  been  suggested  that  predation  of  adult 
I birds  by  Gray  Jays  may  be  more  regular  than 
previously  thought  (Ouellet  1970.  Barnard 
1996).  Here,  we  report  the  details  of  an  adult 
Gray  Jay  that  had  captured  an  adult  Black- 
capped  Chickadee  {Poecile  atricapillu.s)  dur- 
ing winter,  which  contributes  to  knowledge  of 
the  capture  of  independent  vertebrate  prey  by 
Gray  Jays. 

On  26  February  2(K)4,  while  birding  along 
a road  south  of  Lake  Opeongo.  Algonquin 
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Provincial  Park,  Nipissing  District,  Ontario, 
Canada  (45°  37'  N,  78°  21'  W),  our  attention 
was  drawn  to  a distress  call  that  was  loud, 
high-pitched,  squeaky,  and  repeated  quickly 
with  few  pauses.  Upon  turning  toward  the 
call,  we  were  surprised  to  see  a Gray  Jay 
standing  on  top  of  a Black-capped  Chickadee. 
The  sound  was  given  by  the  distressed  chick- 
adee as  it  attempted  to  escape  the  Jay’s  grasp. 
One  of  the  jay’s  feet  appeared  to  be  placed 
around  the  chickadee’s  neck,  whereas  the  oth- 
er foot  grasped  somewhere  along  the  belly. 
We  observed  this  act  from  about  10  m away, 
on  a snow-covered,  plowed  roadway  for  ap- 
proximately 5 sec,  after  which  time  the  jay 
released  the  chickadee.  The  jay  initially 
hopped  away  quickly  and  then  flew  off,  while 
the  chickadee,  apparently  unharmed,  flew  im- 
mediately to  dense  cover  located  5 m away 
and  disappeared.  It  is  likely  that  the  move- 
ment of  a nearby  photographer  scared  the  jay. 
We  suspect  that  if  the  jay  had  not  been  star- 
tled. it  would  have  killed  the  chickadee. 

Both  the  jay  and  the  chickadee  were  prob- 
ably initially  attracted  to  seeds  and  bread  that 
had  been  thrown  along  the  plowed  portion  of 
the  road.  Two  Gray  Jays  and  up  to  a dozen 
Black-capped  Chickadees  had  been  visiting 
the  road  throughout  the  day,  and  during  ~ 1 
hr  of  watching  the  jays  and  chickadees  earlier 
that  same  day,  we  did  not  witness  any  ag- 
gressive interactions,  despite  the  fact  that  the 
birds  fed  within  meters  of  each  other.  We  did 
not  observe  the  events  prior  to  those  described 
above;  therefore,  we  do  not  know  how  the  jay 
captured  the  chickadee. 

The  jay  was  uniquely  color-banded,  as  part 
of  a long-term  study  of  Gray  Jay  nesting  bi- 
ology and  behavior  (see  .Strickland  and  Waite 
2(K)1),  and  belonged  to  a pair  that  was  build- 
ing a Fiesi  approximately  2(K)  m from  where 
the  observation  occurred.  We  observed  this 
pair  add  material  to  their  nest  about  45  min 
before  our  observation,  and  we  observed  them 
again  near  the  observation  site  a few  minutes 
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before  the  incident  occurred.  In  the  excitement 
of  the  moment,  neither  of  us  noted  whether 
the  jay  standing  on  the  chickadee  was  the 
male  or  the  female. 

Based  on  a comparison  of  the  characteris- 
tics of  the  distress  call  that  we  heard  given  by 
the  captured  chickadee  with  the  auditory  de- 
scriptions of  the  major  call  types  of  chicka- 
dees outlined  in  the  literature  (Hailman  1989, 
Smith  1991),  the  call  we  heard  was  most  sim- 
ilar to  the  “squeal”  delivered  by  trapped 
adults  of  the  Boreal  Chickadee  {P.  hudsonica; 
Ficken  et  al.  1996),  Mountain  Chickadee  (P. 
gambeli;  McCallum  et  al.  1999),  and  Chest- 
nut-backed  Chickadee  (P.  rufescens\  Dahlsten 
et  al.  2002).  Smith  (1993)  described  squeals 
given  by  distressed,  young  Black-capped 
Chickadees  soon  after  they  fledge,  but  did  not 
describe  adult  squeals.  The  duration  of  the 
noisy  interaction  we  witnessed  was  likely  too 
short  (i.e.,  only  about  5 sec)  to  attract  attention 
from  other  birds;  there  have  been  reports  of 
jay  predation  on  birds  during  which  distress 
calls  lasting  from  1 to  5 min  elicited  a mob- 
bing response  by  nearby  birds  (Ehrlich  and 
McLaughlin  1988,  Curry  1990,  Barnard 
1996). 

Barnard  (1996)  reported  a juvenile  Gray 
Jay  that  captured,  killed,  and  consumed  a ju- 
venile Magnolia  Warbler  (Dendroica  magno- 
lia) that  was  capable  of  quick,  sustained  flight. 
This  is  the  only  previous  report  of  an  unin- 
jured bird  being  captured  by  a Gray  Jay  (Bar- 
nard 1996).  Strickland  and  Ouellet  (1993)  not- 
ed that  small,  adult  birds  are  usually  ignored 
by  Gray  Jays,  although  energetic,  unsuccess- 
ful, aerial  pursuits  of  Boreal  Chickadees  and 
Common  Redpolls  (Carduelis  flammea)  oc- 
casionally occur.  Pike  (1978)  observed  an 
adult  Gray  Jay  capture  an  injured  Black- 
capped  Chickadee.  The  chickadee  was  already 
injured  when  it  was  found  in  a mist  net — 
probably,  the  author  explains,  as  a result  of 
being  pecked  by  a Gray  Jay.  When  the  chick- 
adee was  placed  on  the  ground  to  recover,  a 
Gray  Jay  grabbed  it  with  its  feet,  and  pecked 
on  the  chickadee’s  head  several  times  before 
it  flew  off  with  it  (Pike  1978). 

Predation  of  adult  or  fledgling  birds  by  oth- 
er jay  species  has  been  reported  elsewhere: 
Mourning  Dove  (Zenaida  macroiira\  DuBowy 
1985),  Yellow-rumped  Warbler  {Dendroica 
coronata;  Johnson  and  Johnson  1976).  Purple 


Finch  (Carpodacus  purpureas'.  Downs  1958), 
and  House  Sparrow  {Passer  domesticus'.  Mas- 
ter 1979)  by  Blue  Jay  {Cyanocitta  cristata)'. 
Pygmy  Nuthatch  {Sitta  pygmaea)  and  Dark- 
eyed Junco,  gray-headed  morph  {Junco  hye- 
malis  caniceps)  by  Steller’s  Jay  {Cyanocitta 
stelleri',  Carothers  et  al.  1972);  Northern 
Mockingbird  {Mirnus  polyglottos)  by  Florida 
Scrub-Jay  {Aphelocoma  coerulescens',  Curry 
1990);  European  Starling  {Sturnus  vulgaris). 
Cliff  Swallow  {Petrochelidon  pyrrhonota', 
Ehrlich  and  McLaughlin  1988),  and  Hermit 
Thrush  {Catharus  guttatus',  McLandress  and 
McLandress  1981)  by  Western  Scrub-Jay 
{Aphelocoma  californica)',  and  an  unknown 
sparrow  by  Mexican  Jay  {Aphelocoma  ultra- 
marina', Roth  1971).  Use  of  the  feet  by  jays 
to  restrain  avian  prey,  demonstrated  by  the 
Gray  Jay  in  our  observation,  has  been  noted 
previously  for  Steller’s  Jay  (Carothers  et  al. 
1972),  Blue  Jay  (Master  1979,  DuBowy 
1985),  Florida  Scrub-Jay  (Curry  1990),  West- 
ern Scrub-Jay  (Ehrlich  and  McLaughlin 
1988),  and  Gray  Jay  (Pike  1978,  Barnard 
1996).  By  using  their  feet  to  restrain  prey,  the 
jays’  bills  are  free  to  strike  and  kill  their  vic- 
tims (McLandress  and  McLandress  1981,  Ehr- 
lich and  McLaughlin  1988). 

During  periods  of  inclement  weather  in 
winter,  some  jay  species  appear  to  be  attracted 
to  small  birds  as  a food  source  (Roth  1971, 
Carothers  et  al.  1972).  The  weather  prior  to 
and  during  our  observation  was  not  unusually 
harsh  relative  to  average  winter  weather  pat- 
terns for  the  area,  suggesting  this  was  not  a 
contributing  factor.  Similarly,  Johnson  and 
Johnson  (1976)  and  Master  (1979)  concluded 
that  inclement  weather  was  not  a contributing 
factor  to  their  observations  of  Blue  Jay  pre- 
dation on  birds.  Inclement  weather  in  winter 
should  not  influence  Gray  Jay  predation  on 
birds,  given  that  this  species  relies  on  food 
cached  throughout  large,  year-round,  multi- 
purpose territories  to  survive  harsh,  boreal- 
forest  winters  (Strickland  and  Ouellet  1993). 
It  is  also  highly  unlikely  that  hunger  was  a 
motivating  factor  for  this  aggressive  interac- 
tion because  these  jays  were  highly  subsidized 
by  artificial  feeding,  and  they  were  demon- 
strating their  superior  nutritional  state  by  nest- 
ing ahead  of  all  other  Algonquin  Gray  Jay 
pairs  {n  = 20)  under  observation  at  that  time 
(R.  D.  Strickland  pers.  comm.). 
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Our  observation,  combined  with  observa- 
tions by  Barnard  (1996)  and  Strickland  and 
Ouellet  (1993),  suggest  that  Gray  Jays  capture 
small,  adult  passerines  opportunistically 
throughout  the  year.  This  is  the  first  docu- 
mented instance  of  a seemingly  uninjured 
adult  bird  being  captured  by  a Gray  Jay.  These 
kinds  of  observations  advance  our  understand- 
ing of  interactions  among  species.  Additional 
study  is  needed  to  reveal  the  frequency  with 
which  the  Gray  Jay  preys  on  adult  birds,  and 
the  environmental  factors  that  influence  this 
behavior. 
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Flight  Display  Song  of  the  Vermilion  Flycatcher 


Alejandro  A.  Rios-Chelen'-^  and  Constantino  Macias-Garcia* 


ABSTRACT. — A number  of  authors  have  qualita- 
tively described  the  songs  of  Vermilion  Llycatchers 
{Pyrocephalus  rubinus)  given  during  flight  display,  but 
no  spectrograms  or  quantitative  analyses  are  available. 
We  present  such  a description  based  on  displays  of  14 
different  males.  Our  analysis  confirms  the  impressions 
of  earlier  authors  that  the  flight  song  is  closely  similar 
to  that  given  by  perched  birds,  but  also  revealed  an 
important  difference:  most  flight  display  songs  also  in- 
cluded an  extra  element  known  as  the  peent  vocali- 
zation. The  peent  is  also  an  alarm  call,  given  during 
male-male  and  male-female  interactions,  as  well  as 
during  foraging  bouts.  Besides  reporting  on  the  com- 
mon use  of  peent  vocalizations  by  perched  Vermilion 
Llycatchers,  we  now  describe  the  frequency  and  use  of 
peent  vocalizations  in  flight  display  songs.  Received  4 
March  2004,  accepted  29  October  2004. 


The  repertoire  of  displays  by  the  Vermilion 
Flycatcher  {Pyrocephalus  rubinus)  includes  a 
conspicuous  flight  display  given  during  the 
breeding  season  (March  to  August,  AARC 
pers.  obs.).  This  display  has  been  described 
(De  Benedictis  1966,  Smith  1967)  and  related 
to  “territorial  proclamation”  (Smith  1970: 
488).  Anecdotal  observations  (AARC  pers. 
obs.),  where  a male  seems  to  respond  with  a 
flight  display  to  a neighbor’s  flight  display, 
support  the  idea  that  individuals  use  this  be- 
havior in  a male-male  context.  An  interesting 
feature  of  flight  displays  is  that  they  are  ac- 
companied by  vocalizations.  These  vocaliza- 
tions are  considered  to  be  closely  related  to 
the  Regularly  Repeated  Vocalization,  which  is 
normally  sung  from  a perch  (Smith  1967, 
1970).  To  add  to  our  knowledge  on  the  nature 
of  songs  uttered  during  flight  displays,  we  pre- 
sent spectrograms  of  these  songs  {n  - 14 
males). 

Our  study  was  carried  out  in  the  Bosque  de 
San  Diego  Metepec  (19°  18'  N,  98°  15'  W), 
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Tlaxcala,  Mexico,  from  6 March  to  1 1 April 
2001.  Most  observations  and  recordings  were 
conducted  from  08:00  to  1 1:00  or  from  16:00 
to  18:00,  when  birds  were  more  active.  Most 
males  (n  = 11)  were  banded  and  identified  by 
their  color-band  combinations,  whereas  three 
males  were  identified  by  their  choice  of  song 
post.  Color-banded  males  typically  used  the 
same  song  perches;  these  perches  were  never 
used  by  other  males,  suggesting  that  the  meth- 
od for  identifying  unbanded  males  was  appro- 
priate. We  mapped  all  territories  and  docu- 
mented the  number  of  neighbors  for  each  male 
(mean  = 2.57  ± 1.28  SD,  range:  0-4).  The 
territories  were  mapped  by  registering  which 
perches  were  commonly  used  by  males,  not- 
ing male-male  interactions  (i.e.,  calling)  that 
commonly  occurred  at  territorial  boundaries, 
and  recording  chases  between  territory  owners 
and  intruding  males.  A neighbor  was  defined 
as  a male  that  had  at  least  part  of  his  territory 
adjacent  to  that  of  the  focal  male. 

We  recorded  songs  with  a Sennheiser  Me66 
microphone  and  a Marantz  PMD221  cassette 
recorder.  Each  male  {n  = 14)  was  recorded 
during  one,  30-min  period  of  observation.  If 
the  focal  male  had  not  performed  a flight  dis- 
play within  30  min,  we  shifted  to  another  fo- 
cal male.  This  was  done  until  all  14  males 
were  recorded.  All  the  males  were  paired,  and 
although  there  were  differences  in  the  date 
each  male  was  recorded,  all  14  were  recorded 
before  their  mates  commenced  nest  construc- 
tion. 

Our  sample  size  varied  considerably  be- 
tween individuals  (from  5 to  16  songs  record- 
ed per  individual);  however,  we  analyzed  an 
equal  number  of  songs  per  bird.  We  used  ei- 
ther the  whole  sample  (when  n = 5 songs)  or 
randomly  selected  five  songs  per  individual 
(when  n > 5 songs)  resulting  in  a total  of  70 
songs  analyzed.  Songs  were  digitized  on  a PC 
computer  using  a sampling  rate  of  22,050  Hz. 
Songs  were  high-pass  filtered  with  a cut-off 
frequency  of  2.8  kHz.  All  variables  were  mea- 
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TABLE  1.  Song  variation  among  male  Vermilion  Flycatchers  was  statistically  significant  for  most  parame- 
ters, but  variation  in  the  number  of  peent  vocalizations  was  only  marginally  significant  (n  = 14  males).  Data 
from  recordings  made  at  Bosque  de  San  Diego  Metepec,  Tlaxcala,  Mexico,  6 March-11  April  2001. 

Parameter 

Mean  ± SD 

Statistics:  ANOVA  or  Kruskal-Wallis 

Song  duration  (sec) 

Minimum  frequency  (kHz) 
Maximum  frequency  (kHz) 
Number  of  total  elements 
Number  of  peent  vocalizations 
Number  of  common  elements 

0.43  ±0.11 
3.49  ±0.18 
5.97  ± 0.21 
6.55  ± 0.65 
0.74  ± 0.50 
5.81  ± 0.85 

H = 40.61,  df  = 13,  P < 0.001 
= 6.58,  P < 0.001 
F,3’56  = 7.80,  P < 0.001 
H = 42.27,  df  = n,  P < 0.001 

H = 21.87,  df  = 13,  P = 0.057 

H = 36.61,  df  = 13,  P < 0.001 

sured  on  spectrograms  calculated  with  AVI- 
SOFT  (Specht  2002)  software  (FFT:  128;  fre- 
quency resolution:  125  Hz;  temporal  resolu- 
tion: 4 ms;  window:  Hamming).  We  measured 
song  duration,  minimum  and  maximum  fre- 
quency, number  of  total  song  elements,  num- 
ber of  peents,  and  number  of  common  ele- 
ments (Table  1).  Means  are  presented  ± SD. 


Flight  display  songs  had  the  same  basic 
structure  and  shared  the  same  elements  as  the 
ones  uttered  while  perched  (Fig.  lA;  Smith 
1967).  Elements  found  both  in  songs  pro- 
duced during  flight  displays  and  in  songs  ut- 
tered while  perched  are  referred  to  as  common 
elements.  Songs  had  a mean  of  6.55  elements 
± 0.65  (range:  5-8,  n = 70),  of  which  5.81 
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FIG.  I.  Songs  of  Vermilion  Flycatchers  given  during  flight  displays  have  a number  of  comnK>n  elements 
(i.e..  elements  also  found  in  songs  given  at  a perch)  and  may  include  the  pcctu  vocalization.  “A"  represents  a 
song  with  common  elements.  .Spectrograms  “H”  and  “C”  represent  songs  that  have  one  or  two  pccnt  vocali- 
zations (P).  Recordings  were  made  at  Bosque  de  San  Diego  Metepec.  Tla.xcala,  Mexico.  6 March-l  I April 
2001. 
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± 0.85  were  common  elements  (range:  5-7,  n 
= 70).  Songs  had  a mean  of  0.74  ± 0.50  peent 
vocalizations  (range:  0-2,  n = 70).  In  our 
study,  71.3%  of  the  flight  display  songs  had 
the  peent  vocalization;  68.5%  had  only  one 
peent  vocalization,  2.8%  had  two,  and  28.7% 
lacked  the  peent  vocalization.  Songs  lasted  be- 
tween 0.25  and  0.95  sec  (mean  0.43  ± 
0.11),  the  minimum  frequency  ranged  be- 
tween 3.0  and  3.8  kHz  (mean  = 3.49  ± 0.18), 
and  the  maximum  frequency  ranged  between 
5.5  and  6.4  kHz  (mean  = 5.97  ± 0.21). 

The  peent  vocalization  has  been  previously 
described  by  Smith  (1967;  Fig.  IB,  C)  and  is 
an  alarm  call,  is  given  in  male-male  and  male- 
female  interactions,  and  when  foraging  (Smith 
1967,  Wolf  and  Jones  2000;  AARC  pers. 
obs.).  As  part  of  another  study  (AARC,  CMG, 
and  K.  Riebel  unpubl.  data),  we  recorded 
songs  of  perched  Vermilion  Flycatchers  given 
during  the  dawn  chorus,  and  none  of  119 
songs  included  the  peent  vocalization.  Thus, 
the  peent  does  not  constitute  an  element  in 
songs  of  perched  birds  (AARC  pers.  obs.;  see 
also  Smith  1967). 

All  males  sang  at  least  one  song  with  a 
peent  vocalization;  most  individuals  (n  =13) 
gave  0-1  peents.  We  found  only  one  male  that 
sang  flight  songs  with  a range  of  1—2  peent 
vocalizations.  Most  males  {n  = 8)  had  either 
5-6  {n  = 5 males)  or  6-7  {n  = 3 males)  com- 
mon elements;  four  males  had  5-7  {n  = 3 
males)  or  6-8  {n  = 1 male).  All  the  songs  of 
two  males  contained  five  common  elements. 
Songs  with  a greater  number  of  peent  vocal- 
izations had  fewer  common  elements.  We 
found  a negative  correlation  between  the  num- 
ber of  common  elements  in  a song  and  the 
number  of  peent  vocalizations  (r  = -0.60,  P 
= 0.023,  n = 14),  suggesting  a trade  off  be- 


tween these  two  groups  of  elements.  We  also 
found  a negative  correlation  between  the  num- 
ber of  neighbors  and  the  total  number  of  ele- 
ments in  a song  (r  = —0.63,  P - 0.016,  n — 
14),  suggesting  that  different  numbers  of  ele- 
ments in  songs  may  convey  different  messag- 
es to  male  Vermilion  Flycatchers. 

Finding  a call  (the  peent  vocalization)  in- 
corporated into  a stereotyped  song  opens  the 
question  of  whether  this  represents  a variation 
in  repertoire — whereby  males  modify  song 
structure  in  different  contexts.  The  relative 
importance  of  the  peent  vocalization  and  the 
number  of  elements  in  flight  display  songs  in 
male-male  and  male-female  communication 
must  be  addressed  with  playback  experiments. 
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WHY  MUSEUMS  MATTER:  AVIAN  AR- 
CHIVES IN  AN  AGE  OF  EXTINCTION.  Ed- 
ited by  Nigel  J.  Collar,  Clemency  T Fisher,  and 
Christopher  J.  Feare.  Bulletin  of  the  British  Or- 
nithologists’ Club,  vol.  123 A — Supplement. 
2003:  360  pp.,  21  contributed  papers  (selected 
I contributions  at  http://www.boc-online.org/ 
bulletin.htm.#bul).  ISSN:  00071595,  £22.00- 
24.00  (paper). — This  volume  stems  from  a 
meeting  of  the  same  name  held  in  November 
1999  in  Tring.  The  meeting  was  the  first  of  its 
type,  and  now  is  the  first  in  a series,  meant  to 
bring  members  of  the  European  avian  collec- 
, tions  community  together  in  an  effort  to  en- 
hance international  cooperation  among  muse- 
um biologists.  In  the  New  World,  we  have  the 
I annual  meetings  of  the  American  Ornitholo- 
gists’ Union  and  the  list  serve  AVECOL  (es- 
tablished by  J.  Van  Remsen,  Jr.)  that  seem  to 
promote  a degree  of  interaction  that  had  not 
yet  been  achieved  among  European  institu- 
tions. The  breadth  of  participants  (130  people 
from  25  countries)  and  authors  (36  people  from 
13  countries,  many  outside  of  Europe)  dem- 
onstrates a success  that  reaches  well  beyond 
Europe. 

This  is  a dynamic  time  to  be  a museum  bi- 
) ologist — although  the  title  of  this  volume  re- 
I fleets  some  of  the  community’s  angst — as  we 
I continue  an  inexorable  transition  from  the  de- 
1 scription  of  avian  diversity  and  distribution  to 
I a more  diverse  array  of  scientific  pursuits.  The 
collection  of  papers  in  this  volume  is  rather 
eclectic,  which  is  to  be  expected  given  the 
great  diversity  of  materials  that  museums  pre- 
serve and  the  variety  of  ways  in  which  these 
materials  are  used  in  avian  research. 

The  bulk  of  the  volume  treats  traditional 
collections  of  skins,  skeletons,  fluid  speci- 
mens, eggs,  and  associated  paper  (labels,  cat- 
alogues, journals,  etc.).  DNA,  proteins,  tissue 
collections,  databases  (Christidis  and  Norman, 

I Rajkowski),  and  sound  collections  (Alstrdm 
and  Ranfft)  arc  also  included,  as  are  two  chap- 
ters on  the  electronic  amalgamatiofi  of  muse- 
um data  (Peterson  et  al.  and  Navarro  et  al.). 
i The  highlight  of  the  volume  is  C.  S.  Ro- 


selaar’s  An  Inventory  of  Major  European  Bird 
Collections,  which,  at  85  pages,  is  the  longest 
contribution.  He  summarizes  109  larger  col- 
lections (the  A-list)  in  some  detail,  and  anoth- 
er 151  are  listed  in  much  less  detail  (the  B- 
list:  collections  of  <4,000  skins,  or  <5,000 
bird  items,  or  institutions  that  did  not  return 
the  questionnaire  that  served  as  the  basis  for 
his  paper).  A long  reference  section  and  three 
appendices  provide  additional  details  that 
make  this  heterogeneous  assemblage  of  col- 
lections accessible  to  researchers  everywhere. 
I consider  the  data  presented  in  Roselaar’s 
chapter  to  be  the  hallmark  of  the  meeting;  the 
paper  coalesces  the  collaborative,  broad  inter- 
est of  museum  biologists  and  is  a summary  of 
lasting  value  to  collections-based  ornithology. 

Those  eager  to  see  data  from  museum  la- 
bels made  available  electronically  and  to  use 
these  data  in  analyses  will  do  well  to  read 
Rasmussen  and  Prys-Jones’  paper  History' 
Mystery:  The  Reliability  of  Museum  Specimen 
Data.  Museum  collections  generally  contain 
rich  and  accurate  data,  but  there  are  many 
ways  in  which  data  quality  is  compromised, 
and  museum  personnel  are  accustomed  to  un- 
covering en'ors  using  clues  such  as  specimens 
and  handwriting  that  are  unavailable  electron- 
ically. 

Collar  and  Rudyanto,  in  The  Archive  and 
the  Ark:  Bird  Specimen  Data  in  Conservation 
Status  Assessment,  demonstrate  how  impor- 
tant museum  specimens  can  be  in  conserva- 
tion (Peterson  et  al.  and  Navarro  et  al.  extend 
this  notion  for  Mexico).  They  also  point  to  the 
decline  in  the  number  of  specimen-based  tax- 
onomists and  systematists  (important  in  their 
case  at  the  “twig”  level)  as  being  detrimental 
to  conservation.  Collar  and  Rudyanto's  paper 
is  important  both  for  conservation  biologists 
and  museum  administrators.  The  authors  see 
molecular  studies  growing  at  the  expense  of 
more  traditional  stutlies  in  taxonomy  and  sys- 
lematics,  and  suggest  that  this  emphasis  has 
begun  to  “marginalize  specimen  collections  in 
the  eyes  both  of  space-stressed  administrators 
p(Midcring  their  budgets  atul  of  result-oriented 
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academics  planning  their  immortality.”  The 
authors  recognize  that  the  complementarity 
between  these  areas  of  study  is  important; 
however,  I would  go  further  and  suggest  that 
specimen-based  science  itself  is  changing. 
There  is  much  important,  traditional,  avian 
taxonomic  work  to  be  done,  but  such  studies 
are  no  longer  viewed  as  being  central  in  the 
reward  structures  of  scientific  institutions:  it  is 
expensive  work,  for  which  it  is  very  difficult 
to  receive  grant  support,  and  it  is  not  publish- 
able in  top  journals.  Many  of  those  who  con- 
tinue to  pursue  traditional  taxonomy  do  so  be- 
cause they  love  it  and  recognize  its  impor- 
tance— despite  annual  performance  metrics 
that  often  focus  on  grant  dollars  brought  in, 
journal  impact  factors,  and  citation  rates.  This 
is  a situation  that  requires  attention,  and  per- 
haps a partial  solution  is  that  of  cross-appoint- 
ments between  conservation  organizations 
and  museums. 

There  are  many  excellent  reasons  why  all 
museums  should  forge  stronger  ties  with  li- 
brary archives  and  link  specimens  to  associ- 
ated paperwork  in  an  accessible  manner.  Fish- 
er and  Warr,  in  Museums  on  Paper:  Library 
and  Manuscript  Resources,  provide  a series  of 
well-illustrated  examples  regarding  the  impor- 
tance of  being  able  to  access  the  paperwork 
associated  with  museum  specimens.  In  Egg 
and  Skin  Collections  as  a Resource  for  Long- 
term Ecological  Studies,  Green  and  Scharle- 
mann  provide  a good,  brief  survey  of  nontra- 
ditional  uses  for  traditional  specimens. 

For  all  of  its  successes,  I feel  that  the  vol- 
ume overall  is  not  adequately  forward-look- 
ing. For  example,  reasons  for  continued 
growth  of  collections  (and  there  are  many)  are 
expressed  in  fewer  than  half  the  contributions 
(e.g.,  Olson,  Livezey,  Christidis  and  Norman, 
Green  and  Scharlemann,  Kitchener  and 
McGowan).  Reinvigoration  of  collections- 
based  ornithology  throughout  Europe  will  re- 
quire active,  vibrant  collections  that  continue 
to  grow  and  become  available  for,  and  rele- 
vant to,  a changing  array  of  research  ques- 
tions. The  final  contribution — a summary  of 
post-meeting  workshops  by  Cooper  and  Stein- 
heimer — shows  that  the  future  of  avian  col- 
lections is  tremendously  important  to  the 
meeting  participants;  however,  their  brief 
summary  of  the  most  dynamic  areas  in  this 


business  make  it  clear  that  it  is  just  a first  step 
and  that  more  is  needed. 

This  volume  will  help  the  museum  com- 
munity and  its  increasingly  diverse  clientele 
understand  some  of  the  positive  and  negative 
aspects  of  past  and  present  specimen-based 
ornithology — and  in  some  cases  it  outlines  di- 
rections for  the  future.  There  is  not  an  ade- 
quate summary  of  the  dynamic  landscape  of 
museum  biology,  however.  An  introductory 
overview  would  have  helped  to  summarize 
the  diverse  messages  that  the  symposium  au- 
thors provide  and  would  have  given  more  co- 
hesion to  the  whole  volume.  The  lack  of  an 
overview,  however,  does  not  detract  from  the 
volume’s  successes,  particularly  insofar  as  the 
symposium  establishes  a new  forum  for  con- 
tinued meetings  and  discussions  among  mem- 
bers of  the  European  avian  collections  com- 
munity. But  if  these  meetings  and  symposia 
are  to  be  effective  in  changing  extrinsic  fac- 
tors impinging  upon  specimen-based  ornithol- 
ogy, reaching  out  beyond  our  community  is 
imperative.  This  volume  is  a good  begin- 
ning.—KEVIN  WINKER,  University  of  Alas- 
ka Museum,  Fairbanks,  Alaska;  e-mail:  ffksw 
@ uaf.edu 


ECOLOGY  AND  CONSERVATION  OF 
BIRDS  OF  THE  SALTON  SINK:  AN  EN- 
DANGERED ECOSYSTEM.  Edited  by  W. 
David  Shuford  and  Kathy  C.  Molina.  Studies 
in  Avian  Biology  No.  27.  Cooper  Ornitholog- 
ical Society,  Camarillo,  California.  2004:  169 
pp.,  43  figures,  42  tables,  9 pen-and-ink 
sketches,  8 maps,  8 black-and-white  photo- 
graphs, 7 color  photographs.  ISBN: 
1891276379,  $17.00  (paper). — This  book  is 
an  organized  collection  of  scientific  articles 
assembled  together  in  a single  volume,  the  ob- 
jectives of  which  are  to  present  baseline  bio- 
logical/ecological data  on  the  Salton  Sea’s  avi- 
fauna and  elucidate  the  long-term  perspective 
of  these  works;  emphasize  the  importance  of 
the  Salton  Trough  to  avian  populations;  and 
describe  the  Salton  Sea’s  connectivity  with  the 
Colorado  River  Delta  and  Pacific  Flyway.  Al- 
though there  are  no  chapter  headings,  the  ar- 
ticles can  be  generally  classified  into  three 
sections — ecological  and  historical  perspec- 
tives, species  assemblages,  and  species-spe- 
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cific  issues — with  introductory  and  closing  ar- 
ticles provided  by  the  editors.  The  target  au- 
dience of  this  book  should  have  a scientific 
interest  and  background  in  avian  ecology  or 
ecosystem  management.  However,  most  arti- 
cles are  not  so  technical  as  to  be  beyond  the 
understanding  of  readers  with  a more  general 
interest  in  these  topics.  The  literature  cited  for 
each  article  is  compiled  in  a reference  section 
at  the  end  of  the  volume,  which  increases 
readability  for  non-scientific  readers. 

The  articles  dealing  with  historical  and  eco- 
logical perspectives  provide  the  reader  with  a 
background  on  natural  ecological  processes 
and  more  recent  anthropogenic  changes  that 
have  shaped  avian  use  of  the  Salton  Sea.  Sev- 
eral authors  document  the  historic  and  dynam- 
ic hydrological  connection  between  natural 
Colorado  River  flows  to  the  Salton  Trough 
and  the  current  agricultural  flows  that  sustain 
the  static  elevation  of  the  modern  Salton  Sea. 
The  effects  of  land-use  change  are  linked  to 
the  makeup  of  avian  assemblages  found  in  the 
region.  The  history  of  avian  discoveries  is  also 
traced  in  this  section,  notably  the  first  docu- 
mentation of  the  western  race  of  Gull-billed 
Tern  {Sterna  nilotica  vanrossemi)  in  1927  and 
the  first  regional  record  of  Large-billed  Sa- 
vannah Sparrow  (Passerculus  sandwichensis 
rostratiis)  in  1930. 

The  bulk  of  the  book  is  dedicated  to  articles 
on  species  assemblages,  their  use  of  the  Salton 
Sea  and  lower  Colorado  River  Delta,  and  as- 
sociated upland  and  riparian  habitats.  Habitat 
use,  species  abundance,  and  importance  of  the 
Salton  Trough  to  shorebirds,  colonially  nest- 
ing waterbirds.  Neotropical  migrants,  sea- 
birds, and  waterfowl  are  all  described.  Most 
landbirds  have  a Sonoran  Desert  affinity, 
whereas  waterbirds  are  associated  with  the 
Colorado  River  and  coastal  California.  As 
Shuford  et  al.  note,  “.  . . the  Salton  Sea  has 
a rich  shorebird  fauna  that  rivals  or  exceeds 
that  of  most  sites  in  western  North  America.” 
For  Neotropical  migrants,  Flannery  et  al.  sug- 
gest that  the  Salton  d'rough  is  in  the  main- 
stream portion  of  the  flyway  rather  than  along 
the  periphery,  and  that  the  area  is  an  important 
stopover  where  migrants  may  replenish  fat  re- 
serves in  an  otherwise  desert  region.  More 
than  400  avian  species  have  been  recorded  in 
the  Salton  dVough:  Orange-crowned  Warbler 
(Vermivora  celata),  Audubon's  Warbler  (Den- 


droica  coronata  auduboni),  Wilson’s  Warbler 
(Wilsonia  pusilla).  Yellow  Warbler  (D.  pete- 
chia), and  Warbling  Vireo  (Vireo  gilviis)  are 
all  listed  as  key  species. 

Articles  contained  within  the  species-spe- 
cific issues  section  express  a diversity  of  per- 
spectives. They  range  from  documenting  hab- 
itat use  and  the  high  numbers  and  densities  of 
Burrowing  Owls  {Athene  cunicidaria)  in  the 
Imperial  Valley  to  identifying  potential  and 
probable  causes  for  the  substantial  disease 
outbreaks  that  have  occurred  in  pelican  and 
grebe  populations  at  the  Salton  Sea.  Several 
authors  indicate  that  agricultural  practices 
have  led  to  the  largest  and  most  densely  pop- 
ulated area  of  Burrowing  Owls  in  California. 
Rocke  et  al.  note  that  the  1996  botulism  out- 
break was  the  first  recognition  that  type  C avi- 
an botulism  was  considered  a major  threat  to 
pelican  populations;  in  that  event,  an  estimat- 
ed 15%  of  the  western  population  of  Ameri- 
can White  Pelicans  {Pelecanus  erythrorhyn- 
chos)  was  lost.  Similarly,  Meteyer  et  al.  doc- 
ument and  describe  a mostly  undiagnosed 
cause  for  the  loss  of  an  estimated  6%  of  the 
North  American  population  of  Eared  Grebes 
{Podiceps  nigricoUis)  in  1991-1992. 

This  book  provides  data  and  descriptions 
for  the  many  superlative  “firsts”  and 
“mosts,”  both  positive  and  negative,  attribut- 
ed to  the  Salton  Sea.  All  authors  agree  and 
point  to  the  connectivity  with  lower  Colorado 
River  Delta  resources.  Most  recognize  that 
contaminants  and  lack  of  adequate  water 
flows  affect  the  entire  ecosystem,  including 
the  Delta  and  Gulf  of  California.  As  stated  in 
the  introductory  article,  this  book  meets  its 
stated  objectives  of  providing  baseline  data, 
identifying  the  importance  of  the  avian  re- 
sources, and  demonstrating  connectivity  be- 
tween the  Salton  Trough  and  the  lower  Col- 
orado River  Delta. 

The  editors  leave  us  with  a summary  of  the 
threats  and  issues  facing  the  Salton  Sea  today 
and  into  the  future.  Water  diversions  and  ag- 
ricultural and  urban  development  have  letl  to 
declines  in  habitat  in  the  Salton  IVough  and 
Colorado  River  Delta  regions.  Salination,  eu- 
trophication, contamination,  exotics,  disease, 
disturbance,  and  the  threat  of  a large-scale  u a- 
ter  transfer  also  threaten  resources,  fhe  neetl 
for  bi-national  management  and  conservation 
planning  to  restore  habitat  is  itlentilied,  as  is 
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current  interest  in  the  Salton  Sea’s  biota,  and 
reereational  and  eeonomic  development.  The 
authors  provide  the  reader  with  a glimpse  of 
what  may  happen  if  we  let  the  system  go  in- 
stead of  engineering  a solution  to  the  prob- 
lems faeing  the  Salton  Sea  and  Colorado  Riv- 
er Delta.  Finally,  the  editors  challenge  readers 
to  get  involved,  not  neeessarily  at  a scientific 
level,  but  with  soeio-political  issues  that  im- 
pact the  Salton  Sea  and  its  associated  resources. 

The  scientifie  format  of  this  publieation  is 
not  intended  for  the  casual  birdwatcher  or 
reader  with  a general  interest  in  natural  sei- 
ence.  It  is  reeommended  for  the  avid  bird- 
watcher and  ornithologist  who  wishes  for  a 
more  complete  understanding  of  the  reasons 
and  importance  of  why  a species  or  group  of 
species  uses  a given  geographie  area.  How- 
ever, it  is  also  highly  recommended  for  the 
student  or  scientist  of  conservation  biology, 
ecosystem  management,  desert  avifauna,  and 
ecology  of  the  Salton  Trough  and  Colorado 
River  Delta  ecosystem. — CHARLES  PELIZ- 
ZA,  Hawaiian  and  Remote  Pacific  Islands  Na- 
tional Wildlife  Refuge  Complex,  Honolulu, 
Hawaii;  e-mail:  charlie_pelizza@fws.gov 


THE  TOS  HANDBOOK  OF  TEXAS 
BIRDS.  By  Mark  W.  Loekwood  and  Brush 
Freeman.  Texas  A&M  University  Press,  Col- 
lege Station.  261  pp.,  140  color  photos,  627 
maps,  4 appendices.  ISBN:  1585442836, 
$50.00  (cloth).  ISBN:  1585442844,  $24.95 
(paper). — Perhaps  no  other  state  enjoys  as 
mueh  attention  from  birdwatehers  as  does  the 
state  of  Texas.  Eaeh  year,  thousands,  probably 
tens  of  thousands,  of  birders  from  out  of  state 
visit  Texas  in  search  of  the  wide  variety  of 
bird  species  that  oeeur  there — speeies  from 
both  eastern  and  western  North  America,  and 
those  that  can  be  found  only  in  southern  Tex- 
as. Roger  Tory  Peterson  proclaimed  on  nu- 
merous oeeasions  that  the  state  bird  list  for 
Texas  was  much  greater  than  for  any  other 
state.  Indeed,  he  even  wrote  his  own  field 
guide  dedicated  to  Texas.  The  truth  is  some- 
what more  complex.  This  fourth  edition  of  the 
TOS  (Texas  Ornithological  Society)  “Cheek- 
list”  ineludes  623  species — impressive  in- 
deed, but  California’s  list  is  within  just  one  or 
two  species  of  that  total.  Comparisons  be- 


tween the  two  state  lists  are  diffieult  because 
the  TOS  aeeepts  for  its  main  list  only  speeies 
documented  by  photograph  or  specimen, 
whereas  the  California  Bird  Records  Commit- 
tee aeeepts  sight-only  records  (3-4  species). 
Which  state  is  aetually  “ahead”  in  the  number 
of  speeies  depends  upon  the  criterion  used. 
Texas  has  five  speeies  on  its  ‘Presumptive’  list 
(aceeptable  sight-only  records). 

The  book  opens  with  short  introduetory 
seetions  on  Texas  ornithologieal  history,  to- 
pography, and  elimate.  The  bulk  of  the  book 
consists  of  the  species  accounts,  which  in- 
clude eoncise  information  on  status.  For  every 
speeies  there  is  a range  map,  which  in  a gen- 
eral way  aecurately  reflects  the  status  of  every 
speeies,  even  casual  and  accidental  species 
(for  whieh  the  records  are  represented  by 
dots).  This  is  certainly  the  most  valuable  part 
of  the  book,  and  although  I have  not  read  ev- 
ery account,  they  seem  to  accurately  portray 
the  distribution  of  Texas  birds.  Nonetheless,  I 
might  quibble  over  a few  points.  For  instanee, 
the  aeeounts  of  eastern  Empidonax  speeies  do 
not  indicate  that  all  of  those  speeies — exeept 
Acadian  Flycatcher  {Empidonax  virescens) — 
are  circum-Gulf  migrants,  and  are  therefore 
rare  to  easual  on  the  Upper  Texas  Coast,  par- 
tieularly  in  spring.  Louisiana  birders  who  see 
almost  exclusively  only  Aeadian  Flyeatehers 
in  spring  know  this.  I wondered  just  how  well- 
documented  the  winter  reports  of  Common 
Nighthawk  (Chordeiles  minor)  were,  a species 
that  winters  only  in  South  America.  Lesser 
Nighthawk  {Chordeiles  acutipennis)  would 
seem  to  be  a much  more  likely  winter  resi- 
dent. Only  species  aeeepted  by  the  Texas 
Birds  Reeords  Committee  (TBRC)  are  inelud- 
ed  and  I fully  approve  of  that  treatment.  A few 
of  the  speeies  though — White-chinned  Petrel 
{Procellaria  aequinoctialis).  Dark-billed 
Cuckoo  {Coccyziis  melacoryphus),  and  Black 
Catbird  {Melanoptila  glabrirostris) — have  not 
been  aeeepted  by  either  the  American  Birding 
Association  Checklist  Committee  and/or  the 
Ameriean  Ornithologists’  Union  Committee 
on  Classification  and  Nomenclature.  While  I 
do  not  fault  the  authors  for  following  the 
TBRC,  the  contrary  opinions  of  other  respect- 
ed groups  should  have  been  mentioned.  The 
origin  of  the  Black  Catbird  specimen  seems 
particularly  dubious.  One  could  also  question 
the  validity  (on  grounds  of  origin)  of  White- 
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cheeked  Pintail  {Anas  bahamensis)  and  Blue 
Mockingbird  {Melanotis  caerulescens),  and 
the  photos  of  the  Yellow-footed  Gull  {Larus 
livens)  do  not  look  especially  convincing 
(viewed  separately  in  Texas  Birds).  But,  every 
state  probably  has  a few  records  of  species 
that  are  never  adequately  resolved. 

As  useful  as  the  species  accounts  are,  they 
are  somewhat  incomplete  in  that  there  is  not 
enough  detail  about  the  timing  of  bird  move- 
ments. Yes,  a general  time  frame  is  provided 
(e.g.,  late  March  to  mid-April,  late  August  to 
mid-October),  but  I would  prefer  details  on 
the  earliest  and  latest  records,  when  the  first 
slight  pulse  of  migrants  normally  occurs, 
when  a species’  migration  peaks,  etc.).  Only 
then  can  an  observer  thoroughly  learn  a spe- 
i cies’  distribution  and  realize  the  significance 
I of  his  or  her  own  sighting,  especially  when 
there  is  a need  to  carefully  document  sightings 
that  fall  well  outside  the  expected  range  of 
1 dates.  Perhaps  these  data  do  not  exist  for  Tex- 
j as.  If  this  is  the  case,  there  should  be  an  effort 
i to  begin  such  a compilation  and  establish  a 
I database.  Texas  is  a huge  state  and  this  task 
will  be  difficult.  Still,  many  other  states  have 
such  information  and  this  is  reflected  in  a 
number  of  well-done  books  on  state  birds. 
Bruce  Peterjohn’s  book.  The  Birds  of  Ohio,  is 
a particularly  good  example  of  a work  that 
covers  all  of  this  in  great  detail  and  should  be 
a primer  for  all  potential  authors  contemplat- 
ing works  of  status  and  distribution. 

The  species  accounts  include  some  infor- 
mation on  subspecies,  but  overall  I felt  that 
much  more  could  have  been  done.  For  in- 
I stance,  which  subspecies  did  the  Pine  Grosbeak 
{Pinicola  enucleator)  specimen  represent? 

I Readers  will  need  to  turn  to  the  third  edition 
of'  the  Checklist  of  the  Birds  of  Texas  (1995) 
or  to  the  two-volume  Bird  Life  of  Texas  by 
Harry  Oberholser  (1974)  for  that  information. 

Perhaps  the  most  valuable  part  of  the  book 
is  the  140  well-reproduced  color  photos  that 
document  numerous  rarities,  many  of  which 
are  casual  or  accidental  species  to  Texas  and/ 
or  North  America.  The  authors  and  the  pub- 
lisher are  to  be  commended  for  publishing  this 
; archival  information.  However,  a major  short- 
j coming  is  that  the  date  and  exact  locality  in- 
formation are  not  given  for  every  photo. 

! The  book  is  dedicated  to  Greg  Lasley,  who, 

I as  Secretary  of  the  I BRC,  invigorated  the  or- 


ganization, and — while  serving  for  many 
years  as  a Regional  Editor  (along  with  his  co- 
editor Chuck  Sexton) — did  everything  he 
could  to  get  documentation  for  the  records 
submitted  for  publication  to  North  American 
Birds  and  its  predecessors.  His  efforts  were 
not  always  appreciated.  For  decades  in  Texas, 
one’s  word  was  good  enough  in  establishing 
an  exceptional  record  of  occurrence.  It  is  a 
Texas  tradition  perhaps,  but  makes  for  very 
bad  science.  Sincere  people  can  be  wrong  in 
their  identifications,  and  when  researchers  go 
back  and  try  to  verify  exceptional  records,  the 
fact  that  so-and-so  was  a well-respected  birder 
just  is  not  good  enough.  I admire  the  authors 
for  dedicating  their  book  to  Greg.  When  you 
see  Greg  or  Chuck  in  the  field  please  thank 
them  for  their  accomplishments  in  greatly  ad- 
vancing Texas  ornithology. 

In  conclusion,  this  book  makes  available  to 
the  general  public  a concise  work  on  the  birds 
of  Texas.  It  should  be  owned  by  not  only  ev- 
ery Texas  birder,  but  by  every  other  birder  in 
North  Ameriea.  If  you  haven’t  visited  Texas 
to  birdwatch,  it  is  only  a matter  of  time  until 
you  do.— JON  L.  DUNN,  WINGS,  Bishop, 
California;  e-mail:  cerwa@earthlink.net 


BIRDLIFE  OF  THE  CHURCHILL  RE- 
GION: STATUS,  HISTORY,  BIOLOGY.  By 
Joseph  R.  Jehl  Jr.,  illustrated  by  the  author. 
Trafford  Publishing,  Victoria,  British  Colum- 
bia, Canada.  2004:  154  pp.,  8 color  and  10 
black-and-white  plates,  4 maps,  2 figures,  2 
tables,  30  sidebars.  ISBN:  1412031079, 
$28.00  (paper). — This  book  elaborates  on  and 
updates  Birds  of  the  Churchill  Re^ioji,  Mani- 
toba (1970)  by  Jehl  and  Blanche  A.  Smith. 
The  text  incorporates  a rigorous  examination 
of  pertinent  documentation,  including  a pro- 
fusion of  historical  anecdotal  material.  It  is  a 
culmination  of  previous  attempts  to  describe 
the  Churchill  avifauna,  rhroughoiil  the  book, 
the  author's  familiarity  with  the  birds  of  the 
C'luirchill  region  is  immensely  evident  and  his 
qualifications  in  that  regard  add  indisputable 
credence  to  his  assertions  with  resiK'ct  t(^  oc- 
currences and  abundances  of  species. 

fhe  book  is  structured  to  reflect  the  author's 
perspectives  based  on  his  |X'isonal  ornitholog- 
ical research  in  the  region,  which  spans  four 
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decades,  and  incorporates  valuable  data  and 
comments  of  other  researchers  who  collec- 
tively have  studied  many  of  the  285  bird  spe- 
cies confirmed  locally.  Preparation  of  the  text 
clearly  involved  consultation  with  many 
sources,  and  the  historical  information  pre- 
sented adds  valuable  insight  regarding  the  for- 
mer status  and  distribution  of  birds. 

A brief  ornithological  history  of  the  Chur- 
chill region,  with  a focus  on  the  considerable 
contributions  of  Samuel  Hearne  (ca.  1780), 
precedes  a discussion  of  the  local  topography 
and  geology.  Information  on  local  human  pop- 
ulation fluctuations,  economic  development, 
environmental  considerations,  and  climate 
trends  augment  the  historical  account. 

The  rich  and  extensive  texts  of  individual 
species  accounts  stress  the  distinctiveness  of 
the  local  avifauna.  The  accounts  focus  on 
breeding  and  (where  applicable)  migration 
chronologies,  nesting  ecologies,  prominent 
behaviors,  and  documented  occurrences.  The 
author’s  own  personal  observations  attractive- 
ly embellish  some  accounts  of  avian  displays 
and  other  important  breeding  activities.  Some 
species,  by  virtue  of  their  local  prominence, 
are  treated  more  thoroughly  than  others.  Spe- 
cial emphasis  is  placed  on  Lesser  Snow  Geese 
{Chen  c.  ccienilescens)  that  breed  at  La  Pe- 
rouse  Bay,  and  pertinent  ongoing  research  ini- 
tiatives there  are  instructively  outlined  in  ac- 
companying sidebars.  Distributional  changes 
of  Ross’s  Goose  (C.  rossii)  in  northern  Man- 
itoba are  described.  Canada  Geese  (Branta 
canadensis)  receive  special  focus  because  of 
the  recent  and  dramatic  growth  in  their  local 
population  and  a long  history  of  research  on 
Canada  Geese  in  the  region. 

Detailed  accounts  are  given  for  several  spe- 
cies that  have  been  studied  locally  with  vary- 
ing degrees  of  thoroughness:  Long-tailed 
Duck  {Clangula  hyemalis),  Semipalmated 
Plover  (Charadrius  semipalmatiis),  Whimbrel 
(Numenius  phaeopiis),  Hudsonian  Godwit  {Li- 
mosa  haemastica),  Semipalmated  Sandpiper 
(Calidris  pusilla).  Dunlin  (C.  alpina).  Stilt 
Sandpiper  (C.  himantopiis).  Short-billed  Dow- 
itcher  {Limnodronius  griseus).  Red-necked 
Phalarope  {Phalaropus  lobatus).  Yellow  War- 
bler {Dendroica  petechia),  Blackpoll  Warbler 
{D.  striata),  Lapland  Longspur  {Calcarius 
lapponicus),  and  Smith’s  Longspur  (C.  pic- 
tus).  Speculative  rationale  is  given  for  recent. 


local  declines  in  breeding-populations  of  some 
species,  notably  Lapland  Longspur  and  Semi- 
palmated Plover. 

The  exhaustive  literature  cited  section  com- 
prises over  270  references.  Illustrative  Christ- 
mas Bird  Count  data  and  avian  clutch  sizes 
for  the  Churchill  region  are  presented  in  two 
closing  tables.  Abundant  description,  teeming 
with  detail,  renders  this  book  an  important 
contribution  to  the  ornithological  literature 
and  a major  resource  that  furthers  the  under- 
standing of  avifauna  in  the  Churchill  region. 
The  historical  data  are  particularly  helpful  in 
structuring  a comprehensive  impression  of  the 
dynamics  of  interspecific  relationships.  Peri- 
odic references  to  dramatic  local  population 
declines  and  redistributions  are  insightful,  but 
nonetheless  somewhat  unsettling.  The  long 
duration  of  many  avian  research  programs  in 
the  Churchill  region  affords  a rather  unique 
opportunity  to  examine  local  avian  ecological 
transformations,  and  to  relate  these  develop- 
ments to  climate  change  and  landscape  alter- 
ation resulting  from  local  human  activities. 

A table  of  contents  would  have  been  useful, 
but  in  view  of  the  comprehensiveness  of  the 
text,  I found  it  a rather  inoffensive  omission. 
The  absence  of  an  index  is  somewhat  of  an 
inconvenience.  Nonetheless,  my  overall  im- 
pression of  the  book  is  that  of  a rigorous,  pro- 
fessional, and  unpretentious  examination  of 
fundamental  information  on  status,  history, 
and  biology  of  the  Churchill  region’s  avifau- 
na, presented  in  a comprehensive  and  instruc- 
tive manner.  Reading  the  book  is  enjoyable 
and  enormously  rewarding.  Highly  recom- 
mended.—ROBERT  M.  ALISON,  Orilla,  On- 
tario; e-mail:  hifsus@hotmail.com 


HANDBOOK  OF  THE  BIRDS  OF  THE 
WORLD,  VOLUME  8:  BROADBILLS  TO 
TAPACULOS.  Edited  by  Josep  del  Hoyo,  An- 
drew Elliott,  and  David  Christie.  Lynx  Edi- 
cions,  Barcelona,  Spain.  2003:  845  pp.,  81  col- 
or plates,  over  470  color  photographs,  672 
maps.  ISBN:  8487334504,  $195.00  (cloth).— 
Volume  8 marks  the  commencement  of  the 
Passeriformes,  almost  a second  beginning  for 
this  landmark  series.  A Foreword  on  the  his- 
tory of  avian  taxonomy  by  Murray  Bruce  leads 
off  the  book,  starting  in  ancient  Greece  and 
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continuing  to  today.  This  tome  contains  infor- 
mation about  a wide  variety  of  families:  mem- 
bers of  the  brightly  colored  Eurylaimidae 
(broadbills),  Philepittidae  (asites),  and  Pittidae 
(pittas)  contrast  with  members  of  the  more  sub- 
dued Fumariidae  (ovenbirds),  Dendrocolapti- 
dae  (woodcreepers),  Thamnophilidae  (typical 
antbirds),  Formicariidae  (ground-antbirds), 
Conopophagidae  (gnateaters),  and  Rhinocryp- 
tidae  (tapaculos).  The  format  of  volume  8 is 
much  the  same  as  it  was  in  earlier  volumes  in 
the  series,  as  one  would  expect.  The  treatment 
for  each  taxonomic  family  begins  with  a brief 
overview,  highlighted  in  a green  box,  that  in- 
cludes a brief  family  description,  the  range  of 
body  sizes,  geographical  distributions,  habitats, 
and  the  number  of  taxa  in  the  family — includ- 
ing those  that  are  threatened  or  extinct.  A more 
complete  discussion  of  the  family  immediately 
follows  in  text,  with  sections  on  systematics, 
morphological  aspects,  habitat,  general  habits, 
voice,  food  and  feeding,  breeding,  movements, 
relationships  with  man,  and  status  and  conser- 
vation. 

Liberally  illustrated  with  color  photo- 
graphs, every  two-page  spread  contains  one  or 
more  stunning  images  that  portray  a wide 
range  of  family  members  and  behaviors.  Gen- 
erally, the  photos  are  very  sharp,  large  in  size, 
and  full  of  life — not  statie,  stiff  portraits,  but 
images  of  behavior,  foraging,  nest  building, 
nests,  and  bathing.  Some  are  comical,  such  as 
that  of  the  Black-and-red  Broadbill  (Cymhi- 
rhynchiis  macrorhynchos)  facing  the  camera 
with  beak  agape;  others  are  stunning  portraits, 
including  those  of  the  Black-and-yellow 
Broadbill  {Eurylciimus  ochromciliis)  and  Gar- 
net Pitta  {Pitta  granatiua).  Fven  rare  or  re- 
cently (re)discovered  species,  such  as  Gur- 
ney’s Pitta  {Pitta  gurneyi),  are  included.  Nest 
photographs  include  one  of  a male  Scalloped 
Antbird  {Myrmeciza  ruficaiula)  on  the  nest 
(but  seemingly  more  buried  in  the  leaf  litter). 
On  every  page,  birds  are  sleeping,  bathing, 
sunning,  feeding,  or  nesting — and  one  Black- 
ish Cinclodes  {Cinclodcs  anarcticus)  is  con- 
fronting face-to-face  what  appears  to  be  a 
southern  elephant  seal  {Miroan^a  leonina). 
Many  species  in  these  families  are  skulkers 
and  difficult  to  see,  much  less  capture  ofi  film 
in  artistically  composed  photographs  while 
displaying  interesting  behaviors,  'fhis  is  a tru- 
ly remarkable  collection  of  images. 


The  plates  are  simple  in  design,  with  a solid 
background  and  the  birds  are  depicted  on  nat- 
ural vegetation  or  without  perches  (the 
woodcreepers).  The  work  of  several  artists  is 
represented,  with  most  families  illustrated  by 
a single  artist  throughout.  The  sole  exception 
is  the  tapaculos,  illustrated  by  two  artists.  The 
standard  of  the  artwork  in  the  plates  is  very 
high  and  the  end  result  pleasing.  Many  sub- 
species are  illustrated  where  appropriate.  The 
plate  illustrating  the  Whiskered  Pitta  {Pitta 
kochi)  and  Red-bellied  Pitta  {Pitta  ery^thro- 
gaster)  has  12  full-bodied  portrayals  and  8 
head  or  head-and-shoulders  illustrations. 

The  family  descriptions  are  followed  by  the 
species  aceounts,  in  which  portions  of  the  fam- 
ily overview  are  repeated  with  more  specific 
information  on  habitat,  food  habits,  feeding, 
breeding,  movements,  and  status  and  conser- 
vation. Fach  account  begins  with  a color  plate 
followed  by  the  text  for  that  species.  This  for- 
mat makes  the  book  much  easier  to  use  than  it 
would  be  if  the  color  plates  were  disjunct  from 
their  associated  text.  Subspecies  are  illustrated 
for  many  species  and  are  described  briefly  in 
the  text.  Fach  account  provides  a range  map,  a 
list  of  the  species’  common  names  in  various 
languages,  old  names  used  for  the  taxon,  and 
a summary  of  the  species’  taxonomy.  Subspe- 
cies’ authorities,  geographic  location  of  occur- 
rence, and  descriptive  notes  are  provided — in- 
cluding vocal  descriptions.  A bibliography 
concludes  each  account. 

Improvements  in  volume  8 are  Just  tweaks 
of  the  series’  proven  formula.  For  example, 
the  base  maps  now  show  major  rivers,  and  the 
photo  captions  contain  the  English  names  of 
birds  in  boldface  type  to  make  it  easier  to  lo- 
cate the  species’  name  in  the  sometimes 
lengthy  captions.  A reference  list  of  record- 
ings is  now  included,  and  the  reference  list  of 
Scientific  Descriptions  now  includes  the  num- 
ber of  the  page  on  which  each  taxon  is  de- 
scribed. Because  many  of  these  families  are 
poorly  known,  the  editors  note  that  more  un- 
published information  is  referenced. 

Lor  those  not  fortunate  enough  to  have 
started  with  volume  I,  Nolume  8 represents  a 
chance  to  begin  with  the  passerines.  Wherever 
you  start,  this  is  a landmark  series  and  1 highly 
recommended  it.— MARY  GUSIALSON, 
USGS  Patuxent  Wildlife  Research  C’cnter. 
I.aurel.  Maryland;  e-mail:  mary_gustafson(?'’ 
usgs.gov 
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PROCEEDINGS  OE  THE  EIGHTY-EIETH  ANNUAL  MEETING 

SARA  R.  MORRIS,  SECRETARY 


The  eighty-fifth  annual  meeting  of  the  Wilson  Or- 
nithological Society  was  held  Thursday,  22  April, 
through  Sunday,  25  April  2004,  in  Ithaca,  New  York, 
in  joint  session  with  the  Association  of  Field  Orni- 
thologists. The  meeting  was  hosted  by  the  Cornell 
Laboratory  of  Ornithology.  Scott  Sutcliff  chaired  the 
local  committee,  which  also  included  Linda  Minde, 
Diane  Tessaglia-Hymes,  Phyllis  Dague,  and  many 
members  of  the  Cornell  Lab  of  Ornithology  staff. 

The  Council  met  from  13:00  to  17:15  on  Thursday, 
22  April,  in  the  Fuertes  Room  of  the  Johnson  Center 
for  Birds  and  Biodiversity  at  the  Cornell  Laboratory  of 
Ornithology.  That  evening  there  was  a wine  and  cheese 
reception  for  conferees  in  the  Morgens  Observatory  at 
the  Johnson  Center.  Members  of  the  Cayuga  Bird  Club 
led  early  morning  bird  walks  at  Sapsucker  Woods. 

On  Friday,  23  April,  Scott  Sutcliffe,  Chair  of  the 
Local  Committee  and  President  of  the  Association  of 
Field  Ornithologists,  welcomed  guests  to  the  Multi- 
purpose Room  of  the  Appel  Commons  on  the  Cornell 
University  campus.  After  his  announcements  about  re- 
cent bird  sightings  and  other  local  information,  Doris 
Watt  made  several  additional  announcements  about 
student  awards.  Charles  Blem,  President  of  the  Wilson 
Ornithological  Society,  welcomed  conferees  and 
thanked  the  local  committee.  Scott  Sutcliffe  introduced 
Jed  Burtt,  who  provided  background  on  Margaret 
Morse  Nice  and  introduced  Steve  Emlen  of  Cornell 
University,  who  presented  the  eighth  annual  Margaret 
Morse  Nice  Plenary  Lecture,  “Birds  ‘R’  Us:  Chroni- 
cles of  an  Avian  Anthropologist.”  Two  concurrent  pa- 
per sessions  were  presented  in  the  Auditorium  and  the 
Multipurpose  Room  of  the  Robert  Purcell  Union 
throughout  the  remainder  of  the  scientific  program.  In 
addition  to  the  Nice  lecture,  the  scientific  program  in- 
cluded 59  contributed  papers,  organized  into  eight  pa- 
per sessions,  and  46  contributed  posters. 

On  Friday  evening,  conferees  were  invited  to  a re- 
ception, an  informal  dinner,  and  tours  at  the  Johnson 
Center  for  Birds  and  Biodiversity.  John  Fitzpatrick,  the 
Louis  Agassiz  Fuertes  Director  of  the  Cornell  Labo- 
ratory of  Ornithology,  welcomed  conferees  to  the  in- 
augural year  celebration  of  the  new  lab.  Director  Fitz- 
patrick provided  some  background  about  the  Johnson 
Center,  indicating  that  the  new  lab  was  built  to  inter- 
pret and  conserve  the  earth’s  biological  diversity  and, 
specifically,  as  a temple  to  the  magic  of  birds. 

Participants  spent  the  morning  of  Saturday,  24  April, 
on  field  trips  to  Dryden  Lake  and  surrounding  areas, 
Montezuma  National  Wildlife  Refuge,  and  Summerhill 
and  the  surrounding  area  including  the  Finger  Lakes 
Land  Trust’s  Dorothy  Mcllroy  Bird  Sanctuary.  Satur- 
day evening  began  with  a cocktail  hour  among  the 
posters  in  the  First  Floor  Conference  Room  at  the  Rob- 


ert Purcell  Union.  The  reception  and  poster  session 
were  followed  by  a joint  members’  meeting  for  both 
societies  in  the  Auditorium  of  the  Purcell  Union. 

The  annual  banquet  was  hosted  in  the  Trillium  of 
Kennedy  Hall.  After  the  dinner,  Scott  Sutcliff  recapped 
the  meeting  and  introduced  Cecilia  Riley,  who  an- 
nounced the  AFO  student  awards.  President  Blem  then 
briefly  addressed  the  conferees,  thanked  Scott  for  host- 
ing the  meeting,  the  members  of  the  Cayuga  Bird  Club 
for  their  service,  and  the  Scientific  Program  Commit- 
tee for  a successful  meeting.  He  thanked  the  retiring 
Members  of  Council  for  their  service,  welcomed  the 
new  Members  of  Council,  and  thanked  all  committee 
members  for  their  hard  work.  At  that  time  the  awards 
and  commendations  that  follow  were  presented  by 
Leann  Blem  (Travel  Awards  and  Student  Research 
Awards),  John  Smallwood  (Edward’s  Prize),  Jed  Burtt 
(Margaret  Morse  Nice  Medal),  and  Doris  Watt  (Stu- 
dent Presentation  Awards).  The  meeting  was  ad- 
journed by  acclamation  at  21:02. 

MARGARET  MORSE  NICE  MEDAL 

(for  the  WOS  plenary  lecture) 

Dr.  Stephen  Emlen,  “Birds  ‘R’  Us:  Chronicles  of  an 
Avian  Anthropologist.” 

EDWARD’S  PRIZE 

(for  the  best  major  article  in  volume  115  of 
The  Wilson  Bulletin) 

Julie  C.  Hagelin,  “A  field  study  of  ornaments,  body 
size,  and  mating  behavior  of  the  Gambel’s 
Quail.”  Wilson  Bulletin  1 15(3):246-257. 

LOUIS  AGASSIZ  FUERTES  AWARD 

Stephanie  M.  Doucet,  Auburn  University,  “Eemale 
choice  and  sexual  ornamentation  in  lekking  Long- 
tailed Manakins,  Chiroxiphia  linearis:  do  females 
choose  good  genes?” 

GEORGE  A.  HALL/ 

HAROLD  F.  MAYFIELD  AWARD 

(formerly  the  Margaret  Morse  Nice  Award) 

Eelicity  Newell,  Chatham  College,  “Comparison  of 
success  and  habitat  for  the  Wood  Thrush  and 
American  Robin  in  southwestern  Pennsylvania.” 

PAUL  A.  STEWART  AWARDS 

Shannon  N.  Bouton,  University  of  Michigan,  “The 
effect  of  multiple  environmental  stressors  on  the 
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physiology,  behavior  and  development  of  nestling 
Cliff  Swallows.” 

Courtney  Murdock,  University  of  Michigan,  “Re- 
source levels,  parasite  load,  and  reproduction  in  a 
wild  population  of  Mountain  White-crowned 
Sparrows  (Zonotrichia  leucophrys  oriantha)  in 
western  Colorado.” 

Dustin  R.  Rubenstein,  Cornell  University,  “Sexual 
conflict  and  extrapair  paternity  in  the  plural  co- 
operatively breeding  Superb  Starling,  Lamprotor- 
nis  superbus.'' 

Laura  Henderson  Spinney,  Princeton  University, 
“Hormonal  mediation  of  alternative  phenotypes 
in  the  White-throated  Sparrow  {Zonotrichia  albi- 
collis)." 

WILSON  ORNITHOLOGICAL  SOCIETY 
TRAVEL  AWARDS 

Jeremy  E.  Guinn,  North  Dakota  State  University, 
“Bald  Eagle  nesting  habitat  use  and  responses  to 
human  presence  in  Minnesota.” 

Emily  Morse,  Penn  State  Erie,  “The  roles  of  rank, 
state,  and  seasonal  considerations  on  foraging  be- 
havior in  Black-capped  Chickadees.” 

Valeria  Ojeda,  Universidad  Nacional  del  Comahue, 
Argentina,  “Breeding  behavior  of  Magellanic 
Woodpeckers  (Campephilus  magellanicus)  in  Ar- 
gentine Patagonia.” 

Michael  Shepard,  University  of  Wyoming,  “Situa- 
tion-specific call  use  in  Leach’s  Storm-Petrel 
( Oceanodroma  leucorlioa)." 

Vinodkumar  Saranathan,  Ohio  Wesleyan  University, 
“Effect  of  solar  ultra-violet  radiation  on  feather- 
degrading bacteria.” 

Amy  Schneider,  Ohio  Wesleyan  University,  “Does 
a shift  in  preen  wax  composition  have  antibacte- 
rial implications  for  breeding  sandpipers?” 

ALEXANDER  WILSON  PRIZE 

(for  the  best  student  paper) 

Dana  M.  Hawley,  Cornell  University,  “The  price  of 
the  pecking  order:  how  dominance  status  medi- 
ates immunity  in  wintering  House  Finches  (Car- 
podacus  mexicanus)." 

I.YNDS  JONES  PRIZE 

(for  the  best  student  poster) 

Rebecca  Heiss,  Binghamton  University,  “Mouth 
color  and  tail  shape  as  an  indicator  of  age  in 
American  Crows.” 

BEST  UNDERi;  RADI)  ATE  PAPER 
AWARD 

(for  the  best  student  paper  or  poster  by  an 
undergraduate) 

Megan  M.  S/ymanski,  (’ornell  Lab  of  ( )rnithology, 
“High  lineage  diversity  and  host  sharing  of  ma- 
larial parasites  in  a local  avian  assemblage.” 


Selection  committee  for  the  Nice  Medal — William  E. 
Davis,  Jr.  (Chair),  Charles  Blem,  James  Rising,  and 
Doris  Watt;  for  the  Edwards  Prize — John  Smallwood 
(chair),  Karl  Miller,  and  Doris  Watt;  for  the  Fuertes, 
Hall/Mayfield,  and  Stewart  Awards — Leann  Blem 
(chair),  Charles  Blem,  Clait  Braun,  Dale  Gawlik,  Dale 
Kennedy,  Dan  Klem,  David  Podlesak,  Craig  Rudolph, 
and  Doug  White;  for  the  Wilson  Ornithological  Soci- 
ety Travel  Awards — Leann  Blem  (chair);  and  for  the 
Student  Presentation  Awards — Doris  Watt  (chair).  Curt 
Adkisson,  Bob  Beason,  Aria  Hile,  and  Bridget  J.  M. 
Stutchbury. 

BUSINESS  MEETING 

President  Charles  Blem  called  the  business  meeting 
to  order  at  18:09  in  the  Auditorium  of  the  Purcell 
Union  at  Cornell  University.  He  thanked  Scott  Sutclif- 
fe for  hosting  the  meeting. 

Seeretary  Morris  summarized  the  Council  meeting 
of  Thursday,  22  April.  As  of  31  March  2004,  the  Wil- 
son membership  stood  at  1,857  ineluding  163  students. 
The  Wilson  membership  represents  39  countries.  We 
also  have  72  library  subscriptions  to  The  Wilson  Bul- 
letin. As  part  of  the  OSNA  report.  Council  learned  of 
several  Wilson  members  who  had  died  since  the  So- 
ciety last  met,  and  Secretary  Morris  asked  assembled 
members  to  stand  while  she  read  the  following  names: 
Walter  J.  Breckenridge  (Minneapolis,  MN),  W.  H.  Car- 
rick  (Toronto,  ON,  Canada),  Svein  Haftorn  (Klaebu, 
Norway),  Wayne  C.  Harris  (Swift  Current,  SK,  Cana- 
da), Ed  N.  Harrison  (Camarillo,  CA),  Ned  K.  Johnson 
(Berkeley,  CA),  Vincent  C.  Jones  (Chevy  Chase,  MD), 
Henry  C.  Kyllingstad  (New  London,  MN),  Roxie  C. 
Laybourne  (Manassas,  VA),  Daniel  L.  Leedy  (Silver 
Spring,  MD),  Gordon  C.  Sauer  (Kansas  City,  MO), 
Sally  F.  H.  Spofford  (Portal,  AZ),  and  Alice  E.  Ulrich 
(Niagara-on-the-Lake,  ON,  Canada). 

During  the  past  year,  the  WOS  received  the  William 
and  Nancy  Klamm  bequest  and  hired  Howland  Capital 
Management  to  manage  the  assets  from  their  estate. 
The  distributions  that  were  received  from  this  estate 
have  more  than  doubled  the  Society’s  assets.  To  com- 
ply with  new  accounting  standards,  the  Society  has 
chosen  to  have  more  than  one  perst)n  overseeing  the 
financial  operations,  and  thus  the  Council  agreed  to 
outsource  accounting  services.  Fairthermore,  Council 
changed  the  Investing  Trustees  Committee  to  the  Ei- 
naticc/Audit/Investment  Committee  that  will  include 
the  Board  of  frustees,  the  President,  and  the  Treasurer. 
This  committee  will  address  piitential  conflicts  of  in- 
terest. investment  policies,  aiul  other  matters  relating 
to  the  finances  of  the  Society. 

fhe  C'ouncil  reelectetl  Jim  .Sedgwick  as  etlitor  of 
the  Wilson  Bulletin  for  Volume  I 17.  (’ouncil  substan- 
tially increased  the  support  of  the  eilitorial  office,  with 
the  understaiuling  that  this  increase  uoukl  result  in  the 
publicatioti  of  all  four  issues  of  volume  I 16  this  cal- 
endar year,  and  thus  get  the  journal  back  on  publication 
schedule  and  continue  the  enhancement  of  the  quality 
of  the  journal. 

(’ouncil  heard  an  update  on  the  2(K)5  meetitig.  which 
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will  be  hosted  by  the  USGS  Patuxent  Wildlife  Research 
Center  and  the  Maryland  Ornithological  Society.  The 
meeting  will  be  in  conjunction  with  the  Association  of 
Field  Ornithologists  and  will  be  held  21-24  April  in 
either  Bowie  or  Laurel,  Maryland.  Council  agreed  to 
participate  fully  in  the  2006  NAOC  (North  American 
Ornithological  Conference).  There  may  be  interest  in 
having  another  smaller  meeting  in  that  same  year. 

Martha  Vaughan  presented  the  Treasurer’s  Report 
and  Jim  Sedgwick  presented  the  Editor’s  Report. 

Jerry  Jackson  presented  the  report  of  the  Nominat- 
ing Committee,  which  included  William  E.  Davis,  Jr., 
Danny  J.  Ingold,  and  Bette  J.  S.  Jackson.  The  com- 
mittee recommended  the  following  slate  of  candidates: 
President,  Charles  R.  Blem;  First  Vice-President,  Doris 
J.  Watt;  Second  Vice-President,  James  D.  Rising;  Sec- 
retary, Sara  R.  Morris;  Treasurer,  Martha  Vaughan;  and 
Members  of  Council,  Albert  R.  Buckelew  (2004- 
2005),  Timothy  O’Connell  (2004-2006),  Robert  Curry 
(2004-2007),  Mary  Bomberger  Brown  (2004-2007), 
and  Jamie  Hill  (2004-2007).  President  Blem  thanked 
the  nominating  committee  and  asked  for  any  nomina- 
tions from  the  floor.  Hearing  none,  he  accepted  a mo- 
tion to  close  nominations  by  John  Kricher,  seconded 
by  Jed  Burtt.  Chan  Robbins  moved  that  the  Secretary 
cast  a single  ballot  for  the  nominees,  and  Jed  Burtt 
seconded  the  motion.  Secretary  Morris  cast  the  ballot, 
electing  the  officers  and  council  members. 

President  Blem  adjourned  the  meeting  at  18:21  after 
a motion  from  Jerry  Jackson,  which  Doris  Watt  sec- 
onded. 


COMMENDATION 

WHEREAS  the  Wilson  Ornithological  Society  and  the 
Association  of  Field  Ornithologists  helped  celebrate 
the  inaugural  year  of  the  Johnson  Center  by  holding 
their  annual  meetings  in  Ithaca,  New  York,  at  Cor- 
nell University’s  Laboratory  of  Ornithology;  and 

RECOGNIZING  that  the  Scientific  Program  Commit- 
tee, consisting  of  Ted  Davis,  Ricky  Dunn,  Eduardo 
Inigo-Elias,  Linda  Minde,  Laura  Stenzler,  Jim  Ris- 
ing, Ken  Rosenberg,  and  Scott  Sutcliffe,  provided 
an  extensive  and  varied  program  of  oral  and  poster 
presentations;  and 

RECOGNIZING  that  the  Committee  on  Local  Ar- 
rangements, chaired  by  Scott  Sutcliffe  with  exten- 
sive assistance  by  Linda  Minde,  arranged  confer- 
ence venues  at  the  Cornell  Laboratory  of  Ornithol- 
ogy and  on  the  Cornell  University  main  campus  that 
fostered  opportunities  to  attend  a variety  of  presen- 
tations, to  experience  the  many  roles  of  the  Labo- 
ratory of  Ornithology,  including  some  in  surround 
sound,  and  to  enjoy  numerous  avian  and  culinary 
delights; 

THEREFORE  BE  IT  RESOLVED  that  the  Wilson  Or- 
nithological Society  and  the  Association  of  Field 
Ornithologists  commend  the  Scientific  Program 
Committee,  the  Committee  on  Local  Arrangements, 
especially  Scott  Sutcliffe  and  Linda  Minde,  and  all 
others  who  helped  to  make  this  meeting  at  Cornell 
University  a resounding  success,  and  one  that  will 
serve  as  a benchmark  for  future  meetings. 
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REPORT  OF  THE  TREASURER 

OPERATING  BUDGET  FOR  FISCAL  YEAR  2004 


Amended  and  Approved  at  Annual  Meeting,  22 

Budget 

2003 

April  2004 

Actual 

2003 

Budget 

2004 

Operating  Revenue 

Direct  Public  Support  (Contributions) 

1,500 

1,193.00 

1,200 

Memberships 

32,000 

45,816.00 

46,000 

Subscriptions 

23,000 

16,616.00 

17,000 

Page  Charges 

13,000 

11,696.00 

12,000 

Royalties 

1,000 

1,689.66 

1,600 

BioOne  Electronic  Licensing 

5,100 

5,181.09 

6,632 

Sale  of  Back  Issues  & Books  (Van  Tyne  Library) 

1,000 

1,107.10 

1,000 

Interest  Income — Cash  Accounts 

1,000 

116.89 

0 

Total  Operating  Revenue 

77,600 

83,415.74 

85,432 

Operating  Expenses 

Research  Grants  and  Awards 

8,000 

6,000.00 

6,000 

Student  Travel  Grants 

2,000 

1,530.00 

5,000 

Van  Tyne  Library — Student  Salaries/Benefits 

1,500 

6,197.35 

2,000 

Printing/Mailing  Costs — Wilson  Bulletin  (Allen  Press) 

80,000 

42,306.03 

70,750 

Editor’s  Honararium,  Contract,  Expenses  (Vol.  115) 

20,000 

9.035.87 

595 

Editor’s  Honorarium,  Contract,  Expenses  (Vol.  116) 

10,000 

8,099.04 

55,000 

OSNA  Management  Services 

13,000 

16,083.50 

17,000 

OSNA  Executive  Director 

3,000 

3,857.00 

4,000 

Storage  Costs — Back  Issues 

550 

2,064.70 

2,000 

Membership  Development 

1,500 

1,971.00 

1,500 

Support — American  Bird  Conservancy 

150 

150.00 

150 

Support — Ornithological  Council 

3,000 

9,000.00 

9,000 

Support — Ornithological  Council  Retreat 

0 

0.00 

1 ,000 

Tax  Preparation  Fees 

600 

525.00 

525 

Accounting  Services 

0 

0.00 

5,500 

Insurance  Expenses 

1,000 

1,090.00 

1,150 

General  Expenses — Office,  Postage,  Copying,  Bank 

Charges 

1 ,500 

63 1 .74 

1 ,000 

Travel  Expenses — Ornithological  Council,  OSNA, 

NABC  Annual  Meetings 

5,000 

1,772.99 

2,500 

Van  Tyne  Library  Expenses 

1 ,500 

992.48 

1 ,000 

Award  Costs 

1 ,000 

75().()() 

800 

Total  Operating  Expenses 

153,300 

112,056.70 

186,470 

FAcess  (Deficit) — Operating 

(75,700) 

(28,640.96) 

(101,038) 

Total  Investment  Income 

55.500 

146,706.21 

65,340 

Excess  (Deficit)  Including  Investinents 

(20,200) 

1 18,065.25 

(35,698) 

Invested  Bequest — Klamm  Estate:  Howland  C’apital 

0 

1,233,084.12 

0 

Management 

Total  Excess  (Deficit)  Including  Klamm  Be(|iiest 

(20,200) 

1,351,149.37 

(35,698) 
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STATEMENT  OF  ACTIVITIES 

FISCAL  YEAR  ENDING  31  DECEMBER  2003 

Operating  Revenue  Actual 

Direct  Public  Support  (Contributions)  $ 1,193.00 

Memberships  45,816.00 

Subscriptions  16,616.00 

Page  Charges  11 ,696.00 

Royalties  1,689.66 

BioOne  Electronic  Licensing  5,181.09 

Sale  of  Back  Issues  & Books  (Van  Tyne  Library)  1,107.10 

Interest  Income — Cash  Accounts  116.89 


Total  Operating  Revenue 83,415.74 


Operating  Expenses 

Program  Services 

Research  Grants  and  Awards  $ 6,000.00 

Student  Travel  Grants 1,530.00 

Van  Tyne  Library — Student  Salaries/Benefits  6,197.35 

Printing/Mailing  Costs — Wilson  Bulletin  (Allen  Press)  42,306.03 

Editorial  Expenses  (Vol.  115)  9,035.87 

Editorial  Expenses  (Vol.  116)  8,099.04 

OSNA  Management  Services  16,083.50 

OSNA  Executive  Director  3,857.00 

Storage  Costs — Back  Issues  2,064.70 

Membership  Development  1,971.00 

Support — American  Bird  Conservancy  150.00 

Support — Ornithological  Council  9,000.00 


Total  Program  Services  (95%)  $ 106,294.49 


Support  Services 

Tax  Preparation  Fees $ 525.00 

Insurance  Expenses  1,090.00 

General  Expenses — Office,  Postage,  Copying,  Bank  Charges  631.74 

Travel  Expenses — Ornithological  Council,  OSNA,  NABC  Annual  Meetings  1,772.99 

Van  Tyne  Library  Expenses  992.48 

Award  Costs  750.00 


Total  Support  Services  (5%)  $ 5,762.21 


Total  Operating  Expenses  $ 112,056.70 


Excess  (Deficit) — Operating $ (28,640.96) 


Investments  (Including  Sutton  Fund) 

Realized  Gain/Loss  on  Investments $ 37,845.32 

Unrealized  Gain/Loss  on  Investments  84,299.73 

Investment  Income — Dividends/Interest  25,863.50 

Investment  Fees/Taxes  (1,302.34) 


Total  Investment  Income  $ 146,706.21 


Total  Excess  (Deficit)  Including  Investments  $ 118,065.25 


Invested  Bequest-Klamm  Estate:  Howland  Capital  Management 

Bequest  Distributions  (Cash  and  Equities)  $ 1,157,130.28 

Realized  Gain/Loss  on  Investments)  (52,982.68) 

Unrealized  Gain/Loss  in  Investments  122,012.76 

Investment  Income — Dividends/Interest  10,873.23 

Investment  Fees/Taxes  (3,949.47) 


Total  Income — Klamm  Bequest  $ 1,233,084.12 


Total  Excess  (Deficit)  Including  Klamm  Bequest  $ 1,351,149.37 
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STATEMENT  OF  FINANCIAL  POSITION 

FISCAL  YEAR  ENDING  3 1 DECEMBER  2003 


Assets 

Current  Cash  Assets 

Merrill  Lynch — Operating  Cash  $ 77,437.00 

Comerica  Checking — Van  Tyne  Account  684.40 

University  of  Michigan — Van  Tyne  Account  149.53 

Merrill  Lynch — Cash  Equivalents — Investments 19,658.58 

Sutton  Fund — Merrill  Lynch — Cash  Equivalents  986.52 

Howland  Management — Cash  Equivalents  89,033.50 

Total  Current  Cash  Assets  

Investments 

Merrill  Lynch — Equities  $ 606,390.00 

Merrill  Lynch — Corporate  Bonds  126,968.00 

Merrill  Lynch — Mutual  Funds  25,548.00 

Sutton  Fund — Merrill  Lynch — Equities  118,620.00 

Sutton  Fund — Merrill  Lynch — Corporate  Bonds  9,904.00 

Howland  Management — Equities  881,296.94 

Howland  Management — Fixed  Income  262,753.68 

Total  Investments  

Total  Assets  


Fund  Balances 

Fund  Balances — Beginning  of  Fiscal  Year 

Operating  Cash  Accounts  $ 106,911.89 

Investments — Merrill  Lynch  655,985.00 

Sutton  Fund — Merrill  Lynch  105,383.89 

Klamm  Fund — Howland  Capital  Management  0.00 

Total  Fund  Balances — Beginning  of  Year  

Current  Year  Change  in  Fund  Balances 

Operating  Cash  Accounts  $ (28,640.96) 

Investments — Merrill  Lynch  122,579.58 

Sutton  Fund — Merrill  Lynch  24,126.63 

Klamm  Fund — Howland  Capital  Management  1,233,084.12 

Total  Current  Year  Change  

Fund  Balances — End  of  Fiscal  Year 

Operating  Cash  Accounts  $ 78,270.93 

Investments — Merrill  Lynch  778,564.58 

Sutton  Fund — Merrill  Lynch  129,510.52 

Klamm  Fund — Howland  Capital  Management  1,233,084.12 

Total  Fund  Balances  


$ 187,949.53 


$ 2,031,480.62 

$ 2,219,430.15 


$ 868,280.78 


$ 1,351,149.37 


$ 2,219,430.15 


Martha  Vaughan,  Treasurer 


EDITOR’S  REPORT— 2003 

At  the  annual  meeting  of  the  Wilson  Ornithological 
Society  (March  2003),  1 was  elected  to  succeed  retiring 
John  Smallwood  as  Editor  of  The  Wilson  liulletin,  be- 
ginning with  volume  116  (1).  March  2004.  1 received 
my  first  batch  of  manuscripts  from  P'ditor  Smallwood 
on  8 September  2003.  The  editorial  office  was  estab- 
lished at  the  uses  Fort  Collins  Science  Center  in  Fort 
Collins,  Colorado,  during  the  summer  ami  two  edito- 
rial assistants  have  been  hired,  one  full-time  and  one 
half-time. 

A total  of  130  manuscripts  was  received  during 
2(K)3,  10  fewer  than  in  2002  and  45  fewer  than  in 


2001.  Outgoing  Editor  Smallwood  handled  the  first  61 
manuscripts  and  1 processed  the  remainder  (69).  1 have 
accepted  27%  and  rejected  29%  of  manuscripts  re- 
ceived in  2003,  with  the  rest  (44%)  having  been  re- 
turned to  authors  for  extensive  revision  or  revision  and 
re-review.  The  mean  time  from  receipt  to  initial  deci- 
sion for  manuscripts  received  at  the  new  Editorial  (Of- 
fice in  2003  was  108  days.  The  time  from  receipt  to 
final  acceptance  for  papers  (to  be)  published  in  1 16(  1 ) 
was  188  days  \Auk:  317  tlays  (vol.  120);  Condor:  233 
days  (vol.  105)1.  We  continue  the  trend  of  increased 
clectnmic  correspondence  and  manuscript  transmission 
begun  in  F'ditor  Bletn’s  term. 

I greatly  appreciate  the  assistance  of  John  .Small- 


376 


THE  WILSON  BULLETIN  • Vol.  1 16,  No.  4,  December  2004 


wood  for  his  advice  and  encouragement  throughout  the 
transition  period.  I am  grateful  to  Clait  Braun,  Richard 
Conner,  Kathleen  Beal,  and  Karl  Miller  who  served  on 
the  Editorial  Board  and  reviewed  numerous  manu- 
scripts. Kathy  Beal  gave  expert  statistical  critiques  of 
several  manuscripts.  Editorial  assistants  Beth  Dillon 
and  Cynthia  Melcher  performed  essential  editorial  of- 
fice operations  including  setting  up  an  e-mail  corre- 
spondence tracking  system,  revising  and  maintaining 
the  author/manuscript  database,  corresponding  with 
authors  and  reviewers,  copy  editing,  and  consulting 
with  Allen  Press  and  other  editors.  I thank  Allen  Press 
for  guidance  and  helpful  advice  on  the  final  stages  of 
the  editorial  process.  The  USGS  Port  Collins  Science 
Center  has  been  instrumental  in  the  establishment  and 
support  of  the  new  editorial  office.  We  welcome  sug- 
gestions on  how  to  improve  the  timeliness  and  quality 
of  The  Wilson  Bulletin. 

James  A.  Sedgwick,  Editor 
The  reports  of  the  standing  committees  are  as  follows: 

REPORT  OF  THE  MEMBERSHIP 
COMMITTEE 

Current  members  of  the  WOS  membership  commit- 
tee are  Jim  Ingold,  Louisiana  State  University,  Chair 
(LA);  John  Smallwood,  Montclair  State  University 
(NJ);  and  Robert  Sargent,  Robins  AFB,  (GA). 

Membership  of  Committee:  We  could  use  two  ad- 
ditional active  participants.  Any  suggestions  on  how 
we  could  gather  new  input  are  welcome,  as  well  as 
how  we  can  contact  the  complete  membership  of  the 
society. 

The  new  WOS  poster  was  displayed  at  the  WOS 
meeting  in  Ohio.  Mistakes  were  discovered  and  the 
display  was  out  of  commission  until  they  were  fixed. 
The  renovated  display  will  be  shown  at  the  meeting  at 
Cornell. 

The  membership  chair  regularly  receives  inquiries 
from  members  regarding  the  journal  and  the  status  of 
their  membership.  Most  of  these  are  received  via  e- 
mail.  The  rate  of  messages  has  increased  with  journal 
lateness. 

Jim  Ingold,  Chair 

REPORT  OF  THE  JOSSELYN  VAN 
TYNE  MEMORIAL  LIBRARY 
COMMITTEE 

I am  very  pleased  to  submit  this  report  of  the  activ- 
ities at  the  Josselyn  Van  Tyne  Memorial  Library.  The 
following  happened  over  the  past  calendar  year  with 
respect  to  the  library: 

Loans: 

Loans  of  library  materials  to  members  included  80 
transactions  to  39  members.  These  loans  included  6 
books  and  390  photocopied  articles. 

Acquisition  of  volumes: 


Exchanges:  A total  of  148  publications  was  received 
by  exchange  from  1 14  organizations  or  individuals. 

Gifts:  We  received  30  publications  from  25  organi- 
zations. 

Subscriptions:  We  also  received  35  publications 
from  29  subscriptions.  We  spent  a total  of  $585.52  on 
subscriptions  in  2003. 

Donations:  Members,  friends,  and  libraries  donated 
All  items.  These  donations  included  3 books,  354 
journal  issues,  72  reprints,  and  48  reports. 

Donors:  The  five  members,  friends,  and  libraries  do- 
nating materials  include  Norbert  Bahr,  Charles  Collins, 
Harold  Hanson  (via  Tex  Sordahl),  The  Peregrine  Fund, 
and  Jeffrey  Spendelow. 

Purchases:  New  items  purchased  for  $210.42  in- 
cluded 3 books,  1 pamphlet,  and  10  journal  volumes. 

Dispersal  of  volumes: 

Gifts  to  Other  Institutions:  A total  of  124  journal 
issues  was  donated  to  the  Hawk  Mountain  Sanctuary 
library,  24  back  issues  of  The  Wilson  Bulletin  to  Nor- 
bert Bahr,  116  journal  issues  were  donated  to  Point 
Reyes  Conservation  Science  library,  and  1 book  was 
donated  to  Dr.  E.  O.  Willis  at  UNESP  in  Brazil. 

Back  Issues:  We  sent  out  285  back  issues  of  The 
Wilson  Bulletin  for  only  the  cost  of  postage. 

Duplicates:  We  sold  15  duplicate  books  and  53  du- 
plicate journal  issues  for  $577.00. 

Events: 

Downsizing  Storage:  Our  storage  area  for  back  is- 
sues of  The  Wilson  Bulletin  was  changed  last  summer. 
We  now  have  room  to  store  only  about  50  to  75  copies 
of  each  issue.  We  found  ourselves  overstocked  on 
many  issues,  so  before  the  move  we  disposed  of  and 
recycled  many  back  issues,  keeping  a maximum  of 
around  50  to  75  copies  of  each.  We  did  not  discover, 
until  after  the  disposal,  that  Bridge  to  Asia 
(www.bridge.org),  a charity  run  out  of  Chicago  and 
San  Francisco,  will  accept  English  language  books  and 
journals.  All  we  need  to  do  is  get  them  to  Chicago  and 
they  will  send  them  on  to  libraries  in  need  in  Asia.  If 
someone  cannot  drop  off  our  donated  materials  in  the 
future,  then  perhaps  we  can  advertise  in  OSNA  for 
donations  to  cover  the  postage. 

Accessibility  on  the  Web: 

Web  site:  The  Web  site  (http://www.ummz.lsa. 
umich.edu/birds/wos.html)  continues  to  provide  access 
to  the  library.  Journals  currently  received  are  listed  on 
the  site  as  well  as  how  to  access  the  University  of 
Michigan’s  online  catalogue,  which  interested  people 
can  use  to  check  holdings. 

Books  for  Sale:  We  have  our  duplicate  books  for 
sale  listed  on  the  Web  site. 

Journals  for  Trade:  Also  listed  on  the  Web  are  the 
journals  we  have  available  for  sale  or  trade. 

Hellos,  Good  Byes,  and  Thank  Yous: 

We  hired  a new  secretary,  Janet  Bell,  to  replace 
Mary  Jo  Nemeth,  who  was  our  temporary  secretary 
for  two  years.  We  want  to  express  our  thanks  to  Mary 
Jo  and  say  a hearty  welcome  to  Janet  Bell. 
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My  most  heart-felt  thank  you  goes  to  THE  most 
important  person  connected  with  the  library,  Janet 
Hinshaw,  who  literally  “runs  the  show”  by  making 
sure  the  library  is  kept  up-to-date,  and  who  is  incred- 
ibly helpful  to  members  and  friends  wanting  to  use  the 
library.  Janet  not  only  makes  my  job  quite  easy,  she 
makes  my  Job  possible. 

Terry  L.  Root,  Chair 

REPORT  OF  THE  UNDERGRADUATE 
OUTREACH  COMMITTEE 

This  WOS  Committee  continues  to  maintain  the 
Guide  to  Graduate  Programs  in  Ornithology  on  the 
WOS  Web  site.  Occasional  e-mails  from  users  indicate 
the  guide  is  a valuable  resource  for  students  contem- 
plating graduate  study  in  ornithology. 

Herb  Wilson,  Chair 

The  Committee  on  the  Scientific  Program,  which  in- 
cluded William  E.  Davis,  Jr.,  Erica  Dunn,  Eduardo  In- 
igo-Elias,  Linda  Minde,  Laura  Stenzler,  James  Rising, 
Ken  Rosenberg,  and  Scott  Sutcliffe,  presented  the  fol- 
lowing program  of  paper  and  poster  sessions. 

PAPER  SESSIONS 

John  Anderson,  College  of  the  Atlantic,  Bar  Harbor, 
ME;  Alan  Mainwaring,  Robert  Szewczyk,  and  Da- 
vid Culler,  University  of  California  at  Berkeley, 
Berkeley,  CA,  “Microhabitat  monitoring  in  Leach’s 
Storm-Petrels.” 

David  R.  Barber  and  Keith  L.  Bildstein,  Hawk  Moun- 
tain Sanctuary,  Kempton,  PA,  “Patterns  in  the  geo- 
graphic range  sizes  of  New  World  Falconiformes.” 
David  Bonter,  Cornell  Lab  of  Ornithology,  Ithaca,  NY; 
and  Elizabeth  W.  Brooks,  Braddock  Bay  Bird  Ob- 
.servatory,  Rochester,  NY,  “Are  elevated  mist  nets 
required  to  adequately  sample  the  avian  community 
at  a migration  stopover  site?” 

Kimberly  S.  Bostwick,  Cornell  University,  Ithaca,  NY, 
“High-speed  video  of  wing-.sound  production  in  two 
species  of  manakins  (Aves:  Pipridae).” 

Patricia  L.  R.  Brennan,  Cornell  University,  Ithaca,  NY, 
“Home  range  of  male  and  female  Great  Tinamous 
in  a lowland  tropical  forest.” 

John  N.  Brzorad,  Forsyth  College,  Winston-Salem, 
NC;  Alan  D.  Maccarone,  lYiends  University,  Wich- 
ita, KS;  and  Kevin  J.  Conley,  Forsyth  C'ollege,  Win- 
ston-Salem, NC,  “Foraging  energetics  of  Great  and 
Snowy  Egrets  during  the  breeding  season.” 

Anne  B.  Clark,  Binghamton  University,  Binghatnton, 
NY;  Kevin  J.  McGowan,  C'ornell  Lab  of  Ortiithol- 
ogy,  Ithaca,  NY;  Douglas  A.  Robinson,  Jr.,  and  Re- 
becca Serrell,  Binghamton  University,  Binghamton, 
NY,  “Patterns  of  mortality  from  West  Nile  Virus  in 
a marked  population  of  American  C'rows  in  Ithaca, 
Tompkins  Co..  New  York,  2()()2-2()()3.” 

William  S.  Clark,  Harlingen,  FX.  ‘‘Wave  molt  of  the 
primaries  in  Acciptrid  raptors,  and  its  use  in  ageing 
immatures.” 


William  S.  Clark,  Harlingen,  TX;  and  Christopher  C. 
Witt,  Louisiana  State  University,  Baton  Rouge,  LA, 
“First  known  specimen  of  a hybrid  Buteo:  Swain- 
son’s  Hawk  X Rough-legged  Hawk  from  Louisi- 
ana.” 

John  Confer,  Ithaca  College,  Ithaca,  NY,  “A  shrub  is 
not  just  a little  bush:  a review.” 

Caren  B.  Cooper  and  Harold  Mills,  Cornell  Lab  of 
Ornithology,  Ithaca,  NY,  “The  sound  of  incubation 
rhythms  and  bluebirds.” 

Kimberly  Corwin,  NYS  DEC,  Albany,  NY;  and  Val- 
erie Freer,  Atlas  Steering  Committee,  Ellenville,  NY, 
“New  York  State’s  second  Breeding  Bird  Atlas.” 
John  Dunning,  Jr.,  Alexandra  Houston,  Kathryn  Lester, 
and  Dan  Scheiman,  Purdue  University,  West  Lafay- 
ette, IN,  “Hoosier  National  Forest  bird  population 
trends:  preliminary  analyses.” 

Cristina  R.  Faustino  and  Evan  G.  Cooch,  Cornell  Uni- 
versity, Ithaca,  NY,  “Mycoplasmal  conjunctivitis  in 
wild  House  Finches:  population  structure,  move- 
ment, and  seasonal  disease  dynamics.” 

Peter  T.  Fauth,  Hartwick  College,  Oneonta,  NY, 
“Short-term  demography  of  the  Veery  in  south-cen- 
tral New  York.” 

Carol  R.  Foss  and  Pamela  D.  Hunt,  Audubon  Society 
of  New  Hampshire,  Concord,  NH,  “Avian  com- 
munity patterns  in  a northern  New  England  urban- 
izing landscape.” 

Margaret  S.  Friar,  University  at  Albany,  Albany,  NY; 
and  Ian  C.  T.  Nisbet,  I.  C.  T.  Nisbet  & Co.,  North 
Falmouth,  MA,  “Adoption  in  Common  Terns:  ben- 
efits to  the  donor  brood.” 

Jeremy  E.  Guinn  and  James  W.  Grier,  North  Dakota 
State  University,  Fargo,  ND;  Joan  Galli  and  Richard 
J.  Baker,  MN  DNR,  St.  Paul,  MN;  and  Jody  G.  Mil- 
lar, U.S.  Fish  and  Wildlife  Service,  Rock  Island,  IL, 
“Bald  Eagle  nesting  habitat  use  and  responses  to 
human  presence  in  Minnesota.” 

Meena  Haribal  and  Andre  Dhondt,  Cornell  Lab  of  Or- 
nithology, Ithaca,  NY;  and  David  Rosane  and  Eloy 
Rodriguez,  Cornell  University,  Ithaca,  NY,  “Chem- 
ical compositions  of  preen  gland  secretions  of  pas- 
serines: same  goal  achieved  by  different  means.” 
Dana  M.  Hawley,  Cornell  University.  Ithaca.  NY,  “The 
price  of  the  pecking  order:  how  dominance  status 
mediates  immunity  in  wintering  House  Finches 
(Carf)O(lacns  nie.xicanus)." 

James  R.  Hill.  Ill,  Purple  Martin  Conservation  Asso- 
ciation, lidinboro.  PA;  Scott  A.  Rush  and  Bridget  .1. 
M.  Stutchbury.  York  University,  Foronto.  ON,  Can- 
ada, “ Fhe  intluence  of  acid  rain  on  the  protluctivity 
of  Purple  Martins:  a continent-wide,  multi-year  per- 
spective.” 

David  .1.  F.  Ilussell,  Ontario  Ministry  of  Natural  Re- 
sources, Peterborough.  ON,  ('anada.  “Factics  for 
coping  with  a variable  environment:  laying  interrup- 
tions anil  extended  incubation  in  Free  Sualiows.” 
Fxluardo  F!.  Inigo-Idias.  C'ornell  Lab  of  Ornithology. 
Ithaca.  NY,  “Frade  of  Neotropical  tuigratory  pas- 
serine birds:  conservation  implications  across  na- 
tions.” 
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Eduardo  E.  Inigo-Elias,  Cornell  Lab  of  Ornithology, 
Ithaca  NY;  Humberto  Berlanga,  Comision  Nacional 
para  el  Conocimiento  y Uso  de  la  Biodiversidad 
(CONABIO),  D.E,  Mexico;  Hector  Gomez  de  Silva 
Garza,  UNAM,  D.E,  Mexico;  and  Arvind  Panjabi, 
Rocky  Mountain  Bird  Observatory,  Brighton,  CO, 
“Species  conservation  assessment  in  Mexico:  na- 
tional and  continental  priorities.” 

Erode  Jacobsen,  Lutz  Bachmann,  and  Jan  T.  Lifjeld, 
University  of  Oslo,  Oslo,  Norway;  and  Marit  Nesje, 
The  Norwegian  School  of  Veterinary  Science,  Oslo, 
Norway,  “The  effects  of  severe  population  bottle- 
necks and  a reintroduction  project  on  the  genetic 
diversity  of  south  Scandinavian  Peregrine  Falcons 
{Falco  peregrinus)." 

Christopher  S.  Jennelle  and  Evan  G.  Cooch,  Cornell 
University,  Ithaca,  NY,  “The  importance  of  incor- 
porating encounter  probabilities  in  estimates  of  dis- 
ease prevalence:  an  example  using  the  House  Finch- 
Mycoplasma  gallisepticum  system.” 

Sara  A.  Kaiser  and  Catherine  A.  Lindell,  Michigan 
State  University,  East  Lansing,  MI,  “Effect  of  prox- 
imity to  forest  edges  on  nestling  growth  and  nest 
survival  of  Wood  Thrush  in  southwestern  Michi- 
gan.” 

James  S.  Kellam,  Ithaca  College,  Ithaca,  NY,  “Preda- 
tion risk,  starvation  risk,  and  radio  transmitters  in 
Downy  Woodpeckers.” 

E.  Dale  Kennedy,  Katherine  Niesen,  and  Douglas  W. 
White,  Albion  College,  Albion,  MI,  “Individual  var- 
iation in  songs  of  House  Wrens.” 

Stephen  W.  Kress  and  C.  Scott  Hall,  National  Audubon 
Society,  Ithaca,  NY,  “Thirty  years  of  puffin  resto- 
ration on  the  Maine  coast,  USA.” 

Jacob  E.  Kubel  and  Richard  H.  Yahner,  The  Pennsyl- 
vania State  University,  University  Park,  PA,  “Nest- 
ing ecology  of  the  Golden-winged  Warbler  in  three 
early  successional  habitats  of  central  Pennsylvania.” 
J.  Daniel  Lambert  and  Kent  P.  McFarland,  Vermont 
Institute  of  Natural  Science,  Woodstock,  VT,  “Po- 
tential effects  of  climate  change  on  Bicknell’s 
Thrush  habitat  in  the  northeastern  United  States.” 
Paulo  E.  Llambias,  Cornell  University,  Ithaca,  NY, 
“Differences  in  social  mating  system  and  parental 
care  between  Northern  House  Wren  {Troglodytes 
aedon)  and  Southern  House  Wren  {T.  musculus)." 
Michael  P.  Lombardo,  Michelle  L.  Green,  Patrick  A. 
Thorpe,  Grand  Valley  State  University,  Allendale, 
MI;  and  Matthew  R.  Czarnowski,  Rutgers  Univer- 
sity, New  Brunswick,  NJ,  “Repeated  sampling  af- 
fects Tree  Swallow  semen  characteristics.” 

Irby  J.  Lovette,  Cornell  Lab  of  Ornithology,  Ithaca, 
NY,  “Redefining  Wilsonia  and  other  unnatural 
groups  of  wood- warblers.” 

Alan  D.  Maccarone,  Friends  University,  Wichita,  KS; 
and  John  N.  Brzorad,  Forsyth  College,  Winston-Sa- 
lem, NC,  “Foraging  behavior  of  Great  and  Snowy 
Egrets  in  relation  to  prey  availability.” 

John  N.  Mager,  Cornell  University,  Ithaca,  NY,  “Ex- 
perimental analysis  of  the  behavioral  consequences 


of  using  nest  platforms  for  management  of  Common 
Loons  {Gavia  immer).” 

Kevin  J.  McGowan,  Cornell  Lab  of  Ornithology,  Ith- 
aca, NY;  Anne  B.  Clark  and  Douglas  A.  Robinson, 
Jr.,  Binghamton  University,  Binghamton,  NY;  and 
Carolee  Caffrey,  Audubon  Science,  Ivyland,  PA, 
“Familial  care-giving  in  American  Crows.” 
Alexander  M.  Mills,  University  of  Toronto,  Toronto, 
ON,  Canada,  “Can  habitat  be  sexually  rather  than 
ecologically  prescribed?” 

Alexander  M.  Mills,  University  of  Toronto,  Toronto, 
ON,  Canada,  “Spring  and  autumn  migration  timing 
changes  in  North  American  migrant  passerines  dur- 
ing a period  of  global  warming.” 

Emily  Morse  and  Margaret  Voss,  Penn  State  Erie,  The 
Behrend  College,  Erie,  PA,  “The  roles  of  rank,  state, 
and  seasonal  considerations  on  foraging  behavior  in 
Black-capped  Chickadees.” 

Timothy  J.  O’Connell,  Oklahoma  State  University, 
Stillwater,  OK;  Michael  L.  Lanzone  and  Robert  S. 
Mulvihill,  Powdermill  Nature  Reserve,  Rector,  PA; 
Daniel  W.  Brauning,  Pennsylvania  Game  Commis- 
sion, Harrisburg,  PA;  and  Duane  Diefenbach,  Penn 
State  University,  University  Park,  PA,  “How  well 
do  removal  models  applied  to  count  data  estimate 
known  densities  from  territory  mapping?” 

Valeria  Ojeda,  Universidad  Nacional  del  Comahue, 
Bariloche,  Argentina,  “Breeding  behavior  of  Ma- 
gellanic Woodpeckers  {Campephilus  magellanicus) 
in  Argentine  Patagonia.” 

Gail  L.  Patricelli,  Marc  S.  Dantzker,  and  Jack  W.  Brad- 
bury, Cornell  Lab  of  Ornithology,  Ithaca,  NY,  “Di- 
rectionality in  acoustic  communication:  a field  study 
on  Red-winged  Blackbirds.” 

Terrell  D.  Rich,  U.S.  Fish  and  Wildlife  Service,  Boise, 
ID;  David  J.  Krueper,  U.S.  Fish  and  Wildlife  Ser- 
vice, Albuquerque,  NM;  and  Jonathan  Bart,  USGS- 
BRD,  Boise,  ID,  “Comparison  of  spring  and  fall 
bird  population  trends  following  the  removal  of  cat- 
tle from  the  San  Pedro  River,  Arizona.” 

Kenneth  Roblee,  Bureau  of  Wildlife,  Buffalo,  NY; 
Ward  Stone,  Wildlife  Pathology  Unit,  Delmar,  NY; 
and  David  Adams,  Nongame  and  Habitat  Unit,  Al- 
bany, NY,  “Type  E botulism  caused  waterbird  mor- 
tality in  the  New  York  waters  of  Lake  Erie  and  Lake 
Ontario,  2000-2003.” 

Rebecca  J.  Safran,  Cornell  University,  Ithaca,  NY; 
Kevin  J.  McGraw,  University  of  California-Davis; 
Matthew  R.  Evans,  University  of  Exeter  in  Corn- 
wall, United  Kingdom;  and  Colby  Rice  Neuman, 
Cornell  University,  Ithaca,  NY,  “Geographic  differ- 
ences in  the  function  of  sexual  ornaments:  plumage 
coloration,  not  tail-streamers,  is  a sexually  selected 
trait  in  North  American  Barn  Swallows.” 

Cesar  Sanchez,  Branko  Hilje,  Rodolfo  Jaffe,  and  Gil- 
bert Barrantes,  Universidad  de  Costa  Rica,  San  Jose, 
Costa  Rica,  “Vocal  variation  in  the  Green  Violet- 
ear,  a Neotropical  hummingbird.” 

Vinodkumar  Saranathan  and  Edward  H.  Burtt,  Jr., 
Ohio  Wesleyan  University,  Delaware,  OH,  “Effect 


ANNUAL  REPORT 


379 


of  solar  ultra-violet  radiation  on  feather-degrading 
bacteria.” 

Amy  Schneider  and  Edward  H.  Burtt,  Jr.,  Ohio  Wes- 
leyan University,  Delaware,  OH;  and  Jeroen  Re- 
neerkens.  Royal  Netherlands  Institute  for  Sea  Re- 
search, Den  Hoorn,  The  Netherlands,  “Does  a shift 
in  preen  wax  composition  have  antibacterial  impli- 
cations for  breeding  sandpipers?” 

Edwin  Scholes,  III,  Yale  University,  New  Haven,  CT, 
“Courtship  repertoire  of  Carola’s  Parotia  in  Papua 
New  Guinea:  a video-based  ethological  analysis.” 
Michael  A.  Shepard,  Starksboro,  VT,  “Situation-spe- 
cific call  use  in  Leach’s  Storm-Petrel  {Oceanodroma 
leucorhoa)." 

W.  Gregory  Shriver  and  James  P.  Gibbs,  State  University 
of  New  York,  Syracuse,  NY;  Thomas  P Hodgman, 
Maine  Department  of  Inland  Fisheries  and  Wildlife, 
Bangor,  ME;  and  Peter  D.  Vickery,  The  Center  for 
Ecological  Conservation,  Richmond,  ME,  “Breeding 
ecology  of  sympatric  Sharp-tailed  Sparrows.” 

Paul  Spitzer,  Cooperative  Oxford  Lab,  Oxford,  MD, 
“Local  impact  of  Double-crested  Cormorant  inva- 
sion on  breeding  Ospreys:  possible  ‘soft  parasitism’ 
on  feeding  Ospreys  in  the  waters  around  Gardiners 
Island,  NY.” 

Scott  H.  Stoleson,  USDA  Forest  Service,  Irvine,  PA, 
“Habitat  use  by  Cerulean  Warblers  in  an  oak-north- 
ern hardwoods  transition  zone:  implications  for 
management.” 

Megan  M.  Szymanski,  Cornell  Lab  of  Ornithology, 
Ithaca,  NY,  “High  lineage  diversity  and  host  sharing 
of  malarial  parasites  in  a local  avian  assemblage.” 
Jeffrey  V.  Wells,  Cornell  Lab  of  Ornithology,  Ithaca, 
NY,  “Demographic  and  aerographic  fragmentation 
in  distributions  of  North  American  birds.” 

Kevin  Wentworth  and  Margaret  Brittingham,  Pennsyl- 
vania State  University,  University  Park,  PA,  “Ef- 
fects of  field  characteristics  on  avian  use  and  pro- 
ductivity in  Conservation  Reserve  Enhancement 
Program  fields  and  a comparison  with  hayfields.” 
David  W.  Winkler,  Peter  H.  Wrege,  Paulo  E.  Llambias, 
and  Valentina  Ferretti,  Cornell  University,  Ithaca, 
NY,  “Breeding  dispersal  in  the  Tree  Swallow  {Tach- 
ycineta  hicolor)." 

POSTERS 

David  Adams,  New  York  State  Department  of  Envi- 
ronmental Conservation,  Albany,  NY;  Kevin  Kenow 
and  Robert  Kratt,  U.S.  Geological  Survey,  La 
Crosse,  WI;  David  Evers,  BioDivcrsity  Research  In- 
stitute, Gorham,  ME;  Nina  Schoch,  Adirondack  Co- 
operative Loon  Program,  Ray  Brook,  NY;  Kate  Tay- 
lor, Loon  Preservation  Committee,  Moultonbor- 
ough.  Nil;  and  Andrew  Major,  U.S.  Fish  and  Wild- 
life vScrvicc,  Concord,  NH,  “Migration  patterns  and 
wintering  range  of  Common  Loons  breeding  in  the 
northeastern  United  States:  preliminary  findings." 
David  Adams,  New  York  State  Department  of  Finvi- 
ronmental  Con.servation,  Albany,  NY;  and  Irene 
Mazzocchi,  Bureau  of  Wildlife,  Watertown,  NY, 


“Assessment  of  Black  Tern  habitat  along  eastern 
Lake  Ontario.” 

Emily  C.  Arell  and  Anna  Sommo,  Colby  College,  Wa- 
terville,  ME,  “Characteristics  of  Downy,  Hairy,  and 
Pileated  Woodpecker  foraging  excavations.” 

Colleen  E.  Bell,  Canisius  College,  Buffalo,  NY;  Arthur 
R.  Clark,  Buffalo  Museum  of  Science,  Buffalo,  NY; 
and  Sara  R.  Morris,  Canisius  College,  Buffalo,  NY, 
“Not  watching  television  (towers)  can  be  hazardous 
to  a bird’s  health.” 

David  Bonter,  Cornell  Lab  of  Ornithology,  Ithaca,  NY, 
“Study  of  overwinter  survival  monitors  seasonal 
mortality  in  feeder  birds.” 

Jennifer  Brinks,  Patrick  A.  Thorpe,  and  Michael  P. 
Lombardo,  Grand  Valley  State  University,  Allen- 
dale, MI,  “A  direct  test  of  the  sexually  transmitted 
microbe  hypothesis  of  avian  copulation  in  Tree 
Swallows  {Tachycineta  bicolor)." 

Barbara  M.  Brown,  Michael  P.  Lombardo,  and  Patrick 
A.  Thorpe,  Grand  Valley  State  University,  Allen- 
dale, MI,  “Comparison  of  digit  ratio  in  male  and 
female  House  Sparrows.” 

Charles  R.  Brown  and  Mary  Bomberger  Brown,  Uni- 
versity of  Tulsa,  Tulsa,  OK,  “Daily  survival  proba- 
bilities of  adult  and  juvenile  Cliff  Swallows  vary 
with  colony  size  and  ectoparasite  load.” 

William  P.  Brown,  University  of  Delaware,  Newark, 
DE;  and  Patrick  J.  Sullivan,  Cornell  University,  Ith- 
aca, NY,  “Avian  community  composition  in  isolated 
forest  fragments:  a new  conceptual  model.” 

Benjamin  M.  Clock  and  Marc  S.  Dantzker,  Cornell 
Lab  of  Ornithology,  Ithaca,  NY,  “The  Library  of 
Natural  Sounds  (LNS)  becomes  a multimedia  ar- 
chive for  the  study  of  bird  behavior.” 

Kristen  M.  Covino,  Joanna  M.  Panasiewicz,  Sara  R. 
Morris,  and  H.  David  Sheets,  Canisius  College,  Buf- 
falo, NY,  “In  males  shape  matters:  age  and  sex  di- 
morphism in  the  feather  shape  of  Red-eyed  Vireos.” 

Amy  Dabrowski,  Cornell  Lab  of  Ornithology,  Ithaca, 
NY;  Rachel  Fraser,  Queen’s  University,  Kingston, 

ON,  Canada;  John  Confer,  Ithaca  College,  Ithaca, 
NY;  and  Irby  Lovette,  Cornell  Lab  of  Ornithology, 
Ithaca,  NY,  “Geographic  variability  in  mitochondri- 
al introgression  among  hybridizing  populations  of 
Golden-winged  and  Blue-winged  Warblers.” 

Christina  E.  Donehower  and  David  M.  Bird,  McGill 
University,  Ste.  Anne  de  Bellevue,  QC,  Canada;  and 
Stephen  W.  Kress,  National  Audubon  Society,  Ith- 
aca, NY,  “Quantifying  gull  predation  at  a Maine 
tern  colony.” 

Jerry  D.  Dudziak,  Jennifer  M.  Urbanski.  Sara  R.  Mor- 
ris. and  II.  David  Sheets,  Canisius  College,  Buffalo, 

NY.  “Can  assemblages  of  migrating  birds  be  de- 
tected using  SHEBI  analysis?” 

Shannon  FJilers,  University  t)f  Akron,  Akrtin,  OH. 
“Associations,  dispersal,  and  habitat  utili/ation  td' 
juvenile  Brown-headed  Cowbirds  {Molothrus 
(Her)." 

Susan  l{llis  ami  Margaret  Voss.  Penn  .State  FTie,  The 
Behrend  C’ollege,  FTie,  PA.  “Changes  in  maternal 
time  allocation  over  incubation." 
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Miranda  C.  Ertel,  Canisius  College,  Buffalo,  NY; 
Mary  P.  Wright,  Shoals  Marine  Laboratory,  Cornell 
University,  Ithaca,  NY;  and  Sara  R.  Morris  Canisius 
College,  Buffalo,  NY,  “The  incidence  and  effects  of 
ticks  on  migrating  birds  at  a stopover  site.” 

Andrew  Farnsworth,  Cornell  University,  Ithaca,  NY, 
“The  prevalence  of  flight  calls  in  wood-warblers 
during  non-migratory  periods.” 

Shari  Gross  and  E.  Dale  Kennedy,  Albion  College,  Al- 
bion MI,  “Do  male  House  Wrens  sing  the  same 
songs  year  to  year?” 

Ralph  S.  Hames  and  James  D.  Lowe,  Cornell  Lab  of 
Ornithology,  Ithaca,  NY,  “Quantifying  calcium-rich 
prey  species  available  to  nesting  Wood  Thrushes  in 
regions  with  different  amounts  of  acid  rain.” 

Daniel  Hanley,  Dana  Hawley,  and  Andre  Dhondt  Cor- 
nell University,  Ithaca,  NY,  “Are  the  effects  of  the 
eastern  House  Finch  bottleneck  evident  today?  An 
investigation  through  the  use  of  allelic  and  haplo- 
typic  diversity.” 

Morgan  Haugen  and  E.  Dale  Kennedy,  Albion  Col- 
lege, Albion  MI,  “Comparison  of  feather  and  fecal 
material  for  molecular  sexing  of  nestling  House 
Wrens.” 

Rebecca  Heiss,  Kelly  Ulion,  and  Anne  B.  Clark,  Bing- 
hamton University,  Binghamton,  NY;  Kevin  J. 
McGowan,  Cornell  Lab  of  Ornithology,  Ithaca,  NY; 
and  Carolee  Caffrey,  Audubon  Science,  Ivyland, 
PA,  “Mouth  color  and  tail  shape  as  an  indicator  of 
age  in  American  Crows.” 

Aria  G.  Hile,  USDA/APHISAVS,  National  Wildlife 
Research  Center,  Philadelphia,  PA;  and  Michael  G. 
Tordoff,  Monell  Chemical  Senses  Center,  Philadel- 
phia, PA,  “Influence  of  the  number  of  repellent- 
treated  and  untreated  food  or  water  containers  on 
intake  in  the  European  Starling,  Sturnus  vulgaris." 

Marie-Anne  Hudson  and  David  M.  Bird,  McGill  Uni- 
versity, Ste-Anne-de-Bellevue,  QC,  Canada,  “Re- 
productive performance  of  selected  avian  species 
breeding  on  Montreal-area  golf  courses  and  neigh- 
boring green  spaces — preliminary  results.” 

Michael  S.  Hurban,  Emily  A.  Caruana,  Sarah  M.  Mu- 
silli,  and  H.  David  Sheets,  Canisius  College,  Buf- 
falo, NY;  Scott  Weidensaul,  Ned  Smith  Center  for 
Nature  and  Art,  Millersburg,  PA;  and  Sara  R.  Mor- 
ris, Canisius  College,  Buffalo,  NY,  “Stopover  ecol- 
ogy of  Northern  Saw-whet  Owls  in  Pennsylvania.” 

Christopher  S.  Jennelle  and  Dana  M.  Hawley,  Cornell 
University,  Ithaca,  NY,  “The  relationship  between 
social  dominance  and  disease  recovery  in  captive 
flocks  of  House  Finches  infected  with  Mycoplasma 
gallisepticum." 

Stephen  Johnson,  Ryan  Mount,  and  William  Barnard, 
Norwich  University,  VT,  “Comparing  roosting  sites 
of  sympatric  Blue  Jays  {Cyanocitta  cristata)  and 
Gray  Jays  {Perisoreus  canadensis)  in  Victory  Bog, 
Vermont.” 

Nick  Kalodimos,  University  of  Hawaii  at  Manoa,  Hon- 
olulu, Hawaii,  “Habitat  associations,  movement  pat- 
terns, and  modeled  spread  of  three  parrot  (Aves: 


Psittacidae,  Cacatuidae)  species  on  Oahu  Island,  Ha- 
waii— a preliminary  study.” 

Mari  Kimura,  Keila  Sydenstricker,  Tom  Muscato,  and 
George  Kollias,  Cornell  University,  Ithaca,  NY;  and 
Andre  Dhondt,  Cornell  Lab  of  Ornithology,  Ithaca, 
NY,  “Is  there  an  interaction  between  haemoparasites 
and  mycoplasmal  conjunctivitis?” 

Richard  Kostecke,  Scott  Summers,  and  David  Cim- 
prich.  The  Nature  Conservancy  of  Texas,  Fort  Hood, 
TX;  and  Gilbert  Eckrich  and  John  Cornelius,  Direc- 
torate of  Public  Works,  Fort  Hood,  TX,  “Effect  of 
cowbird  removal  on  Black-capped  Vireo  nest  suc- 
cess and  population  growth  at  Fort  Hood,  Texas.” 
Brook  Lauro,  St.  John’s  University,  Jamaica,  NY,  “An- 
nual patterns  of  waterfowl  diversity  and  abundance 
at  suburban  ponds  and  lakes  on  Long  Island,  New 
York:  impact  of  winter  freeze.” 

Daniel  J.  Lebbin,  Cornell  University,  Ithaca,  NY, 
“Plumage  variation  and  breeding  behavior  of  the 
White-throated  Jacamar  (Brachygalha  alhogular- 
is)." 

Lionel  Leston  and  Amanda  Rodewald,  Ohio  State  Uni- 
versity, Columbus,  OH,  “Habitat  selection  by 
Northern  Cardinals  (Cardinalis  cardinalis)  in  urban 
and  rural  riparian  forests.” 

Alan  Mainwaring,  Intel  Research  Laboratory  at  Berke- 
ley, Berkeley,  CA;  John  Anderson,  College  of  the 
Atlantic,  Bar  Harbor,  ME;  and  Joseph  Polastre,  Rob- 
ert Szewczyk,  and  David  Culler,  University  of  Cal- 
ifornia at  Berkeley,  “Microhabitat  monitoring  with 
sensor  networks.” 

Abigail  J.  Maley,  Lauren  Blyth,  Nadinath  N.  M.  Nil- 
legoda,  Edward  H.  Burtt,  Jr.,  and  Jann  M.  Ichida, 
Ohio  Wesleyan  University,  Delaware,  OH,  “Avian 
saliva:  a tool  for  controlling  feather-degrading  ba- 
cilli or  a source  of  microorganisms?” 

Melissa  S.  Mustillo,  Kathryn  E.  Mattern,  Kristen  M. 
Covino,  Sara  R.  Morris,  and  H.  David  Sheets,  Can- 
isius College,  Buffalo,  NY,  “Estimability  and  the 
utility  of  open  population  models.” 

Kristin  Napper,  University  of  Akron,  Akron,  OH, 
“Comparing  the  effects  of  multiple  factors  on  nest- 
site  selection  and  nesting  success  of  Eastern  Blue- 
birds (Sialia  sialis)." 

Kate  Neville,  Rachel  Fraser,  and  Raleigh  Robertson, 
Queen’s  University,  Kingston,  ON,  Canada,  “Sex 
ratios  in  Golden- winged  Warbler  (Vermivora  chry- 
soptera)  nestlings:  is  there  evidence  of  a cost  to  hy- 
bridization?” 

Melissa  Peters,  Kala  Wolfe,  and  Margaret  Voss,  Penn 
State  Erie,  The  Behrend  College,  Erie,  PA,  “The 
impact  of  noise  disturbance  on  reproductive  fitness 
in  Black-capped  Chickadees.” 

Douglas  A.  Robinson,  Jr.,  Min  Chung  Chin,  and  Anne 
B.  Clark,  Binghamton  University,  Binghamton,  NY; 
and  Kevin  J.  McGowan,  Cornell  Lab  of  Ornitholo- 
gy, Ithaca,  NY,  “Determinants  of  mouth  color  in 
nestling  American  Crows.” 

Anna  Sommo,  Emily  C.  Arell,  and  W.  Herbert  Wilson, 
Colby  College  Waterville,  ME,  “Characteristics  of 
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Downy,  Hairy,  and  Pileated  Woodpecker  foraging 
sites.” 

Darryl  Speicher  and  Jackie  Speicher,  Pocono  Avian 
Research  Center,  Cresco,  PA,  “A  comparison  of  the 
three-minute  point  count  and  the  five-minute  point 
count.” 

Jeffrey  A.  Spendelow,  Jim  D.  Nichols,  William  L. 
Kendall,  James  E.  Hines,  and  Jeff  S.  Hatfield,  USGS 
Patuxent  Wildlife  Research  Center,  Laurel,  MD;  and 
Ian  C.  T.  Nisbet,  I.  C.  T.  Nisbet  & Co.,  North  Fal- 
mouth, MA,  “Detecting  warning  signs  of  trouble 
within  population  fluctuations:  using  capture-recap- 
ture modeling  to  uncover  changes  in  population  dy- 
namics leading  to  declines.” 

Scott  H.  Stoleson  and  Kari  Kirschbaum,  USDA  Forest 
Service,  Northeastern  Research  Station,  Irvine,  PA; 
Jack  Frank,  USDA  Forest  Service,  Allegheny  Na- 
tional Forest,  Warren,  PA;  and  Chad  Atwood,  Penn- 
sylvania State  University,  University  Park,  PA,  “In- 
tegrating GPS,  GIS,  and  avian  call-response  surveys 
using  pocket  PCs:  an  example  using  Cerulean  War- 
blers.” 

Sarah  Wakamiya,  Sarah  Bruno,  Bernard  Lohr,  and 
Douglas  E.  Gill,  University  of  Maryland,  College 
Park,  MD,  “Spectral  and  temporal  variation  in  song 
in  an  eastern  population  of  the  Grasshopper  Sparrow 
(Ammodramiis  savannariim)." 

ATTENDANCE 

Alabama:  Birmingham,  James  Pittman,  Jr. 

California:  Areata,  C.  J.  Ralph;  Berkeley,  Alan  Main- 
waring;  Lafameue,  Larry  Arbanas. 

Colorado:  Fort  Collins,  James  Sedgwick. 

Connecticut:  Ashford,  Carol  Millard. 

Delaware:  Newark,  Bill  Brown,  Marion  Zuefle. 

Florida:  Fort  Lauderdale,  June  Ficker;  Fort  Myers, 
Jerome  Jackson;  Tallahassee,  Rick  West;  Venus, 
Glen  Woolfenden. 

Georgia:  Thomasville,  Todd  Engstrom. 

Hawaii:  Honolulu,  Nick  Kalodimos. 

Idaho:  Boise,  Terrell  Rich. 

Indiana:  Indianapolis,  Alicia  Craig;  Notre  Dame,  Dor- 
is Watt;  West  Lafayette,  Dan  Scheiman. 

Kansa.s:  Hays,  Greg  Farley;  Wichita,  Alan  Maccarone. 

Maine:  Bangor,  Tom  Hodgman,  Dan  Hanson,  John 
Anderson;  Waterville,  Emily  Avell,  Anna  Sommo, 
Herb  Wilson. 

Massachusetls:  Amherst,  Donald  Kroodsma;  Chil- 
mark,  Allan  Keith;  Fast  Fedmouth,  William  Davis, 
Jr.;  Marshfield,  Andrea  Jones;  Bocasset,  John  Krich- 
er,  Martha  Vaughan;  Westhorough,  Megan  Whit- 
man. 

Maryland:  Annapolis,  Joseph  Jehl;  Chestertown,  Wal- 
ter Ellison;  Chevy  Chase.  Idlen  Paul;  College  Bark. 
Bernad  Lohr,  Sarah  Wakamiyg;  Laurel,  Mary  Gus- 
tafson, Anna  Ott,  Chandler  Robbins,  Jeff  Spende- 
low, Mark  Wimer;  I'owson,  Pirica  INcamilla,  lory 
Johnson;  Irappe.  Paul  Spit/er. 

MiciiiCiAN:  Albion,  Shari  Gross,  Morgan  Haugen,  Dale 
Kennedy,  Douglas  White;  Alle/uhde,  Michael  Lom- 


bardo, Patrick  Thorpe;  Ann  Arbor,  Janet  Hinshaw; 
AuTrain,  Scott  Hickman;  East  Lansing,  Sara  Kaiser; 
Hudsonville,  Jennifer  Brinks. 

Minnesota:  Duluth,  Laura  Erickson. 

New  Hampshire:  Center  Harbor,  John  Merrill;  Con- 
cord, Pamela  Hunt. 

New  Jersey:  Edison,  Robert  Colburn;  Ear  Hills,  Chris- 
tina Frank;  Hopewell,  Hannah  Suthers;  New  Bruns- 
wick, Daniel  Hernandez,  David  LaPuma;  Randolph, 
John  Smallwood;  Trenton,  Mary  Dosher. 

New  York:  Albany,  Kimberly  Corwin,  John  Ozard, 
Laura  Sommers;  Allegany,  Betty  Eaton,  Stephen  Ea- 
ton; Binghamton,  Anne  Clark,  Douglas  Robinson,  Jr.; 
Buffalo,  Arthur  Clark,  Emily  Caruana,  Kristen  Covi- 
no,  Jerry  Dudziak,  Miranda  Ertel,  Mike  Hurban, 
Joanna  Panasiewicz,  David  Sheets,  Jenn  Urbanski; 
Cheektowaga,  Sarah  Musilli;  Dryden,  Erin  Hewett; 
Ellenville,  Valerie  Freer;  Endicott,  Rebecca  Heiss; 
Georgetown,  Matt  Young;  Grand  Island,  Beth  Mor- 
ris, Sara  Morris;  Highland  Ealls,  Kathryn  Mattem; 
Ithaca,  Dan  Ardia,  Sara  Barker,  David  Bonter,  Kim- 
berly Bostwick,  Benjamin  Clock,  John  Confer,  Karen 
Confer,  Caren  Cooper,  Amy  Dabrowski,  Mark  Det- 
tling,  Stephen  Emlen,  Natalia  Emlen,  Christina  Faus- 
tino,  Valentina  Ferretti,  John  Fitzpatrick,  Rachel  Fras- 
er, Scott  Haber,  Dana  Haley,  Stephan  Hames,  Daniel 
Hanley,  Meena  Haribal,  Dana  Hawley,  Wendy  Hill, 
Eduardo  Inigo-Elias,  Anne  James-Rosenberg,  Chris 
Jennelle,  Jim  Kellam,  Steve  Kelling,  Mari  Kimura, 
Stephen  Kress,  Paulo  Llambias,  Irby  Lovette,  James 
Lowe,  Jay  Mager,  Kevin  McGowan,  Jay  McGowan, 
Bob  McGuire,  Linda  Minde,  Troy  Murphy,  Gail  Pa- 
tricelli,  Tina  Phillips,  Coly  Rice  Neuman,  Ken  Ro- 
senberg, Viviana  Ruiz-Gutierrez,  Rebecca  Jo  Safran, 
Lena  Samsonenko,  Ed  Scholes,  Justin  Schuetz, 
Charles  Smith,  Mary  Stapleton,  Laura  Stenzler,  Scott 
Sutcliffe,  Sally  Sutcliffe,  Megan  Szymanski,  Jeff 
Wells,  Benjamin  Winger,  David  Winkler;  Jamaica, 
Brook  Lauro;  Kenmore,  Colleen  Bell;  New  York.  An- 
drew Farnsworth;  Oneonta,  Peter  Fauth;  Boughkeep- 
sie,  Douglas  Lancaster;  Rensselaer,  Peggy  Friar;  Sny- 
der, Melissa  Mustillo;  Syracuse,  Guy  Baldassarre. 
Mark  Gregory,  Matt  Kaminski,  Evan  Rehm,  Benja- 
min Zuckerberg;  Trumansburg.  Robeil  Meade;  Utica, 
Patrick  McIntyre. 

North  Carolina:  Winston-Salem,  John  Br/orad. 

North  Dakota:  Fargo,  Guinn  Jeremy. 

Ohio:  Akron,  .Shannon  Fillers.  Kristin  Napper;  Colum- 
bus, Abbot  S.  Gaunt,  Lionel  Leston;  Delaware,  Lau- 
ren Blyth,  Pxlward  Burn.  Jr..  Abagail  Maley.  Ashley 
Peelc,  Vinodkumar  Saranathan.  Amy  Schneider; 
Sandusky,  Bob  Boason. 

Oklahoma:  Stillwater,  fim  O'C'onnell:  Luisa,  Mary 
Bomberger  Browti.  C'harles  Brown. 

Pi  NNSYi  vania:  Allentown,  Daniel  Klein.  Jr.;  Blairs- 
ville.  Matt  .Sarver;  Cambridge  Springs,  luigenc  ,S. 
Morton;  C resco,  Judy  Cherepko.  Darryl  Speicher. 
Jackie  .Speicher;  Edinboro,  James  Mill.  111.  Patrick 
Kramer.  John  fautin;  Erie.  .Susan  I'llis,  |{inily 
Morse.  Melissa  Peters.  Margaret  Voss.  Kala  Wolfe; 
Irvine,  Scott  .Stoleson;  Kempton,  ('ynthia  C'han.  On- 


382 


THE  WILSON  BULLETIN  • Vol.  116,  No.  4,  December  2004 


der  Ciric,  Mehmet  Deli,  Maria  Echeverry,  Ruth 
Muniz  Lopez,  Dennis  Melsa,  Alice  Ritto  Gama; 
Levittown,  Patricia  Rossi;  Montgomery,  Daniel 
Brauning;  New  Freedom,  Bruce  Fortman;  Orwigs- 
burg,  David  Barber,  Kyle  McCarty;  Philadelphia, 
Aria  Hile;  Pittsburgh,  Ellen  Parkes;  Rector,  Michael 
Lanzone,  Robert  Mulvihill;  Scranton,  Michael  Ca- 
rey; State  College,  Kevin  Wentworth;  University 
Park,  Jacob  Kubel;  Williamsport,  Joseph  Lipar. 
Texas:  Belton,  John  Cornelius;  Harlingen,  William 
Clark;  Sugarland,  Michael  Gray,  Cecilia  Riley. 
Vermont;  Dorset,  Betty  Gilbert;  Northfield,  William 
Barnard,  Steven  Johnson,  Ryan  Mount;  Woodstock, 
Dan  Lambert,  Rosalind  Renfrew,  Greg  Shriven 
Virginia:  Alexandria,  Richard  Banks;  Blacksburg, 
Curtis  Adkisson;  Fairfax,  Marcy  Heacker;  Rich- 
mond, Charles  Blem,  Leann  Blem. 

Washington:  Bain  bridge  Island,  Lee  Robinson. 


Washington,  DC;  Daphne  Gemmill,  James  Tate,  Jr. 

West  Virginia:  Bethany,  Albert  Buckelew,  Jr.;  Great 
Cacapon,  William  Belton. 

Wisconsin:  Waukesha,  Charles  Hagner. 

Wyoming;  Buffalo,  Michael  Shepard. 

Canada 

Ontario:  Kamata,  Erica  Dunn,  David  Hussell;  Missis- 
sauga, Rachel  Jane  Sturge;  North  York,  Scott  Rush; 
Ottawa,  Charles  Francis,  Lesley  Howes;  Puslinch, 
David  Brewer;  St.  Catherines,  John  Black;  Toronto, 
Iona  Chiver,  Jerry  DeMarco,  Alex  Mills,  James  Ris- 
ing, Bridget  Stutchbury. 

Quebec:  Ste-Anne-De  Bellevue,  Christina  Donehower, 
Marcel  Gahbauer,  Marie-Anne  Hudson. 

Other  Countries 

Argentina:  Bariloche,  Rio  Negro,  Valeria  Ojeda. 

Costa  rica:  San  Jose,  Cesar  Sanchez. 

Norway:  Oslo,  Erode  Jacobsen. 

Puerto  Rico:  San  Jan,  Jose  Salguero-Faria. 


Wilson  Bulletin  116(4):383,  2004 


REVIEWERS  FOR  VOLUME  116 


Referees  play  a critical  role  in  the  editorial 
process.  Thoughtful,  incisive  reviews  are  par- 
amount in  the  maintenance  of  high  scientific 
standards  and  journal  quality.  The  following 
individuals  graciously  served  as  referees  for 
this  volume  of  The  Wilson  Bulletin.  The  Wil- 
son Ornithological  Society  and  the  editorial 
staff  of  The  Wilson  Bulletin  are  deeply  grate- 
ful to  them  for  their  assessments  and  recom- 
mendations.— James  A.  Sedgwick,  Editor. 

K.  F.  Abraham,  J.  A.  Ahumada,  C.  R.  Allen, 
J.  A.  Amat,  D.  W.  Anderson,  B.  Andres,  R. 
A.  Askins,  G.  Aulen,  M.  C.  Baker,  I.  J.  Ball, 
W.  H.  Barnard,  J.  F.  Barr,  J.  Bart,  M.  Beck,  C. 
D.  Becker,  C.  Benkman,  R M.  Bennetts,  R.  E. 
Bennetts,  P.  W.  Bergstrom,  L.  B.  Best,  R.  G. 
Bijlsma,  K.  L.  Bildstein,  T.  R.  Birkhead,  J.  G. 
Blake,  C.  R.  Blem,  W.  M.  Block,  D.  E.  Block- 
stein,  D.  T.  Blumstein,  C.  W.  Boal,  R.  Boettch- 
er, G.  Bortolotti,  C.  Both,  W.  W.  Bowerman, 
G.  T.  Braden,  C.  E.  Braun,  J.  D.  Brawn,  L.  A. 
Brennan,  J.  Briskie,  M.  Brittingham,  B.  T. 
Brown,  F.  G.  Buckley,  P.  A.  Buckley,  A.  E. 
Burger,  J.  Burger,  D.  G.  Butler,  D.  Caccamise, 

C.  D.  Cadena,  C.  Caffrey,  J.  E.  Chace,  A. 
Chalfoun,  C.  R.  Chandler,  B.  R.  Chapman,  C. 
Cicero,  W.  S.  Clark,  J.  S.  Coleman,  C.  Collins, 
M.  Colwell,  R.  N.  Conner,  C.  A.  Corbat,  R. 
Craig,  D.  Cristol,  R.  Croteau,  M.  Cuadrado,  F. 
Cuthbert,  S.  K.  Davis,  G.  K.  Davoren,  A.  W. 
Diamond,  P.  Doherty,  A.  S.  Dolby,  J.  A.  Don- 
azar,  J.  Drennan,  R.  D.  Drobney,  C.  A.  Drost, 

D.  C.  Duffy,  E.  H.  Dunn,  J.  R.  Eberhard,  C. 
Eberly,  C.  R.  Ely,  S.  Emslie,  P.  Escalante,  W. 
A.  Estes,  G.  L.  Farnsworth,  S.  E Ferrari,  J. 
Fjeldsa,  S.  Forbes,  J.  T.  Forsman,  J.  Fragoso, 

C.  M.  Francis,  J.  D.  Fraser,  P.  C.  Frederick,  J. 
F.  Freile,  A.  P.  Gabbe,  S.  A.  Gauthreaux,  J.  A. 
Gessaman,  W.  M.  Gilbert,  S.  A.  Gill,  S.  Gil- 
lihan,  H.  Godinez-Alvarez,  W.  P.  Gorenzel,  D. 
Granfors,  G.  S.  Grant,  C.  L.  Gratto-Trevor,  M. 
Griesser,  C.  R.  Griffin,  K.  J.  Gutzwiller,  T 
Haggerty,  C.  Hahn,  S.  L.  Halkin,  P.  B.  Hamel, 
R.  G.  Harper,  F E.  Hayes,  C.  Henny,  F Hett- 
mann,  S.  Hoekman,  R.  T Holmes,  A,  G.  Horn, 

D.  L.  Howell,  R.  L.  Hutto,  J.  L.  Ingold,  D.  W. 
InoLiye,  M.  L.  Isler,  1.  Izahaki,  F M.  Jaksic,  J. 
R.  Jehl,  Jr.,  J.  E.  Jimenez,  P.  Jodicc,  D.  H. 


Johnson,  L.  S.  Johnson,  O.  W.  Johnson,  R.  R. 
Johnson,  S.  L.  Jones,  H.  Kallander,  J.  F.  Kelly, 
P.  Kerlinger,  M.  Klassen,  F.  F.  Knopf,  R.  R. 
Koford,  N.  C.  Komar,  J.  Kopachena,  I.  Krams, 
D.  E.  Kroodsma,  C.  Fadd,  D.  B.  Fank,  S.  Lat- 
ta,  D.  A.  Leatherman,  F.  Feschner,  D.  Levey, 
J.  Liebezeit,  J.  T.  Lifjeld,  J.  D.  Ligon,  C.  A. 
Lindell,  J.  L.  Lockwood,  P.  Lonsdale,  S. 
Lougheed,  M.  J.  Lovallo,  J.  Lovette,  P.  E. 
Lowther,  R.  S.  Lutz,  D.  P.  MacMynowski,  B. 

F.  J.  Manly,  M.  Marquiss,  T.  L.  Master,  B. 
McCaffrey,  A.  McGowan,  C.  M.  McLaren,  R. 

G.  McLean,  T.  J.  McCarthy,  R.  McNeil,  G.  O. 
Miller,  J.  A.  Mobley,  D.  W.  Mock,  P.  J.  Mock, 
A.  P.  Moller,  F.  R.  Moore,  W.  S.  Moore,  S.  R. 
Morris,  J.  L.  Morrison,  M.  L.  Morrison,  D.  H. 
Morse,  T.  B.  Mowbray,  H.  C.  Mueller,  R.  K. 
Murphy,  D.  E.  Naugle,  S.  K.  Nelson,  B.  A. 
Nolet,  K.  E.  Omland,  J.  P.  O’Neill,  J.  F.  Or- 
nelas, C.  P.  Ortega,  J.  C.  Ortega,  K.  A.  Otter, 

G.  W.  Page,  T.  H.  Parker,  C.  A.  Paszkowski, 
M.  Paxton,  B.  G.  Peterjohn,  A.  Peterson,  D. 
R.  Petit,  K.  E.  Petit,  P.  Pietz,  W.  H.  Piper,  J. 
C.  Pithon,  M.  A.  Pizo,  S.  Plentovich,  J.  Podos, 
W.  Post,  B.  Poulin,  D.  Pratt,  R.  Pressey,  C.  R. 
Preston,  K.  Purcell,  C.  J.  Ralph,  J.  H.  Rappole, 

L.  M.  Ratcliffe,  J.  V.  Remsen,  R.  Renfrew,  J. 
V.,  K.  Renton,  R.  E.  Reynolds,  R.  T.  Reynolds, 
J.  D.  Rishing,  C.  S.  Robbins,  R.  J.  Robel,  D. 
Roberts,  G.  Robertson,  R.  L.  Robinette,  K.  V. 
Rosenberg,  S.  1.  Rothstein,  G.  J.  Russell,  S. 
Russo,  P.  G.  Salaman,  R.  Sallabanks,  T Salm- 
on, F Sanchez-Bayo,  J.  A.  Savidge,  F C. 
Schaffner,  J.  A.  Schmutz,  B.  A.  Schreiber,  E. 
Schreiber,  J.  H.  Schulz,  G.  Schupp,  W.  Searcy, 
J.  S.  Sedinger,  C.  Shackelford,  D.  A.  Shealer, 
A.  Sheehey,  G.  Shugart,  T.  R.  Simons,  P. 
Smallwood,  S.  M.  Smith,  H.  A.  Snyder,  N.  F 
R.  Snyder,  M.  S.  Sodhi,  M.  K.  Sogge,  T.  Sor- 
dahl,  M.  Stake,  M.  T.  Stanback,  K.  Steenhof, 
A.  B.  Stout,  D.  Strickland,  A.  V.  Suarez,  K. 
Sullivan,  R.  C.  Telfair,  K.  Titus,  R.  E.  Trost, 
P.  L.  Tubaro,  D.  J.  Twedt,  P.  D.  Vickery,  G. 

H.  Visser,  N.  Warnock,  J.  W.  Watson,  S. 
Webb,  L.  Weber,  T.  Wesolowski,  S.  West,  B. 

M.  Whitney,  C.  Whittow,  P.  Widen,  K.  L. 
Wiebe,  U.  Wiktander,  J.  W.  Wiley,  D.  A.  Wil- 
liams, \i.  O.  Willis,  S.  K.  Willson,  R.  P.  Wil- 
son, D.  Wood,  M.  S.  Woodrey,  R.  11.  Yahner, 
A.  Zahavi,  A.  G.  Zink,  K.  Zyskowski. 


3S3 


Wilson  Bulletin  1 1 6(4):384-397,  2004 


Index  to  Volume  116,  2004 

by  Kathleen  G.  Beal 


This  index  includes  references  to  genera,  species,  authors,  and  key  words  or  terms.  In  addition  to  avian  species, 
references  are  made  to  the  scientific  names  of  all  vertebrates  mentioned  within  the  volume  and  other  taxa 
mentioned  prominently  in  the  text.  Nomenclature  follows  the  AOU  Check-list  of  North  American  Birds  (1998) 
and  its  supplements.  Reference  is  made  to  books  reviewed,  and  announcements  as  they  appear  in  the  volume. 


A 

Aborn,  David  A.,  and  Frank  R.  Moore,  Activity  bud- 
gets of  Summer  Tanagers  during  spring  migra- 
tory stopover,  64-68 
Abrothrix  longipilis,  349 
xanthorhinus,  349 
Accipiter  bicolor,  350 
chilensis,  347-351 
gentilis,  259 
nisiis,  354 

striatus,  109,  258,  272-274 
Ackerman,  Joshua  T,  John  Y.  Takekawa,  Kammie  L. 
Kruse,  Dennis  L.  Orthmeyer,  Julie  L.  Yee, 
Craig  R.  Ely,  David  H.  Ward,  Karen  S.  Bollin- 
ger, and  Daniel  M.  Mulcahy,  Using  radiotelem- 
etry to  monitor  cardiac  response  of  free-living 
Greater  White-fronted  Geese  (Anser  albifrons 
elgasi)  to  human  disturbance,  146—151 

Adler,  Corey  D.,  see  Johnson,  Oscar  W., , Lee 

Anne  Ayres,  Mary  Anne  Bishop,  Jodi  E.  Dos- 
ter,  Patricia  M.  Johnson,  Ronald  J.  Kienholz, 
and  Susan  E.  Savage 
aerodynamics 

age-differences  in  Biiteo  jamaicensis,  212— 21  A- 
Agelaius  phoeniceiis,  6,  20,  126,  167,  226,  227,  228, 
240-245,  250 

Aix  sponsa,  225,  226,  227,  228,  319 
Alison,  Robert  M.,  review  by,  367-368 

Allen,  Martha  L.,  see  Tozer,  Douglas  C.,  and 

Alvarado,  Eernando,  see  Vega  Rivera,  Jorge  H., 
, J.  Manuel  Lobato,  and  Patricia  Esca- 
lante 

Amazona  farinosa,  137,  139,  141  (Erontispiece) 
ochrocephala,  137,  139,  140 
Amidon,  Erederick  A.,  Carola  A.  Haas,  and  John  M. 
Morton,  Breeding  biology  of  the  endangered 
Rota  Bridled  White-eye,  342-346 
Ammodytes  sp.,  155 
Anas  acuta,  355 
clypeata,  179 
crecca,  179,  357 
discors,  355 
platyrhynchos,  304 
rubripes,  150 
strepera,  355,  356 

anchovy,  northern,  see  Engraulis  mordax 
Anderson,  Erik  M.,  Intraspecific  predation  among 
Northwestern  Crows,  180-181 


Anser  albifrons,  1 46— 151,  179 
Antbird,  Bicolored,  see  Gymnopithys  leucaspis 
Ocellated,  see  Phaenostictus  mcleannani 
Spotted,  see  Hylophylax  naevioides 
Antpitta,  Great,  see  Grallaria  excelsa 
Antshrike,  Blackish-gray,  see  Thamnophilus  nigroci- 
nereus 

Castelnau’s,  see  Thamnophilus  cryptoleuciis 
Slaty,  see  Thamnophilus  punctatus 
Aphelocoma  californica,  358 
coerulescens,  358 
ultramarina,  358 
Aphrastura  spinicaiida,  347-35 1 
Aquila  chrysaetos,  257—261 
Ara  ararauna,  136,  137,  140 
chloroptera,  136,  137,  140,  142 
macao,  136,  137,  140 
severa,  135,  137,  140 

Aratinga  leucophthalmus,  137,  139,  140,  143 
weddellii,  137,  140,  142 
Archilochus  colubris,  225,  226,  227 
Ardea  alba,  287,  288 

herodias,  287-292  (Erontispiece) 

Armacost,  J.  W,  Jr.,  The  nest,  eggs,  and  nestlings  of 
the  Castelnau's  Antshrike  {Thamnophilus  cryp- 
toleucus),  with  notes  on  its  ecology  and  con- 
servation, 262-266 

Atwood,  Jonathan  L.,  see  Lloyd-Evans,  Trevor,  and 


Auer,  Sonya,  see  Kofoed,  Eric  M..  and 

Auklet,  Cassin’s,  see  Ptychoramphus  aleuticus 
Ayres,  Lee  Anne,  see  Johnson,  Oscar  W.,  Corey  D. 

Adler,  , Mary  Anne  Bishop,  Jodi  E. 

Doster,  Patricia  M.  Johnson,  Ronald  J.  Kien- 
holz, and  Susan  E.  Savage 

B 

Babbler,  Abbott’s,  see  Malacocincla  abbotti 

Baeolophus  bicolor,  1-16,  71,  318 

Ball,  Amy  J.  Miller,  see  Klem,  Daniel,  Jr.,  David  C. 

Keck,  Karl  L.  Marty, , Elizabeth  E.  Ni- 

ciu,  and  Corry  T.  Platt 

Ball,  Tim,  see  Houston.  Stuart,  , and  Mary 

Houston 

Barrantes,  Gilbert,  see  Chacon-Madrigal,  Eduardo,  and 

bat,  fringe-lipped,  see  Trachops  cirrhosus 

long-tongued,  see  Glossophaga  sp.  and  Hylonycteris 
undencoodi 


384 


INDEX  TO  VOLUME  1 16 


385 


behavior 

activity  budget 

of  migrating  Piranga  rubra,  64-68 
aggression 

in  broods  of  Nipponia  nippon,  172-178 
responses  of  nesting  Falco  mexicanus  to  intrud- 
ers, 257-261 

breeding 

cooperative  in  Thryothorus  leucotis,  337-341 
during  incubation  in  Lirnosa  lapponica,  177-178 
of  Granatellus  veniistus,  89—93 
unusual  occurrence  of  Gavia  immer  pairs  rearing 
four-chick  broods,  97-101 

cognition 

related  to  avian  life  histories,  119-133 
diving 

in  Phalacrocorax  brasilianus,  83—88 
foraging 

association  between  Leucopternis  albicollis  and 
Nasua  narica,  101-103 
coprophagy  in  Loxia  leucoptera,  181-184 
grit-site  selection  by  Branta  bernicla  nigricans, 
304-313 

in  Phalacrocorax  brasilianus,  83-88 
largest  duck  captured  by  Buteo  jamaicensis,  354- 
356 

prey  of  breeding  Accipiter  chilensis,  347-35 1 
spatial  differences  in  migrating  Setophaga  ruti- 
cilla  along  Lake  Huron,  48-55 
interaction 

between  fire  ants,  vertebrate  nest  predators,  and 
Vireo  atricapilla,  163-166 
intraspecific  predation 

in  Corviis  caurinus,  180-181 
roosting 

groups  in  Capsiempis  flaveola,  352—354 
weather 

effect  on  parrot  geophagy,  134-145 

Beletsky,  Les,  see  Pearson,  David  L.,  and 

Beolens,  Bo,  and  Michael  Watkins,  Whose  bird?  Com- 
mon bird  names  and  the  people  they  commem- 
orate, reviewed,  280-281 

Berger,  Daniel  D.,  see  Mueller,  Helmut  C.,  , 

Nancy  S.  Mueller,  William  Robichaud,  and 
John  L.  Kaspar 

Binczik,  Gerald  A.,  see  Booth-Binc/.ik,  Susan  D., 

, and  Ronald  E Labisky 

Bishop,  Mary  Anne,  see  Johnson,  Oscar  W.,  Corey  D. 

Adler,  Lee  Anne  Ayres, , Jodi  E.  Doster. 

Patricia  M.  Johnson,  Ronald  J.  Kienholz,  and 
Susan  H,.  Savage 

Black,  Jeffrey  M.,  see  Lee,  Derek  E.,  Matthew  G. 

Hamman,  and  

Blackbird,  Eurasian,  see  1 urdus  merula 
Red- winged,  see  Agelaius  phoeniceus 
Bluebird,  Eastern,  see  Sialia  sialis 
bobcat,  see  Lynx  rufus 
Bobolink,  sec  Dolichonvx  oryzirorus 
Bobwhite,  Northern,  see  Colinus  virginianus 
body  mass 


during  fall  and  spring  in  Colinus  virginianus,  324- 
329 

Bohorquez,  C.  L,  see  Stiles,  E G., , C.  D.  Cad- 

ena,  S.  de  la  Zerda,  M.  Hernandez,  L.  Roselli, 
M.  Kelsey,  I.  D.  Valencia,  and  D.  Knapp 
Boiga  irregularis,  342 

Bollinger,  Karen  S.,  see  Ackerman,  Joshua  T,  John  Y. 
Takekawa,  Kammie  L.  Kruse,  Dennis  L.  Orth- 
meyer,  Julie  L.  Yee,  Craig  R.  Ely,  David  H. 

Ward, , and  Daniel  M.  Mulcahy 

Bombycilla  cedrorum,  10,  14 

Booth-Binczik,  Susan  D.,  Gerald  A.  Binczik,  and  Ron- 
ald E Labisky,  A possible  foraging  association 
between  White  Hawks  and  white-nosed  coatis, 
101-103 

Bower,  Allen  R.,  and  Danny  J.  Ingold,  Intraspecific 
brood  parasitism  in  the  Northern  Elicker,  94- 
97 

Brachyramphiis  marmoratus,  155,  197-210  (Frontis- 
piece) 

Bradbury,  Jack  W.,  see  Whitney,  Bret  M.,  Theodore 
A.  Parker,  III,  Gregory  E Budney,  Charles  A. 

Munn,  and 

Brant,  see  Branta  bernicla 

Black,  see  Branta  bernicla  nigricans 
Branta  bernicla,  179 

bernicla  nigricans,  304-313 
canadensis,  179-180 
canadensis  minima,  179 

Brawn,  Jeffrey  D.,  see  Buehler,  Deborah  M.,  Alberto 

I.  Castillo,  and 

breeding  biology 

dawn  vocalization  and  subsequent  sexual  activity  in 
male  Poecile  atricapillus,  252-256 
description  for  Grallaria  excelsa,  105-108 
ecology  of  Malacocincla  abbotti,  275-277 
incubation  period  and  behavior  in  Lirnosa  lapponi- 
ca, 177-178 

of  Spizella  passerina  in  ponderosa  pine  forest,  246- 
251 

of  Zosterops  conspicillatus,  342-346 
prey  of  Accipiter  chilensis,  347-35  1 
short-term  response  to  two  harvest  practices,  314- 
323 

Brewer,  David,  review  by,  280-281 
Brightsmith,  Donald  J.,  Effects  of  v\eather  lui  parrot 
geophagy  in  Tambopata.  Peru,  134-145 
Brotogeris  cyanoptera,  1 37 
sanctithomae,  137 
Bubo  virginianus,  259 
Bubulcus  ibis,  287-292 
Bucephala  clangula,  94 

Budney,  Greg(uy  E,  see  Whitney,  Bret  M.,  Theodore 

A.  Parker,  111,  , C'harles  A.  Munn,  and 

Jack  W.  Bradbury 

Buehler,  Deborali  M.,  Alberto  I.  ('astillo,  aiul  Jeffrey 
D.  Brawn,  F irst  nest  tleseriptinn  for  the  Ocel- 
lateil  AntbirtI  { Phaenostictus  mcleannani), 
277  279 

Bufo  americanus,  22b,  227 
Bunting,  Indigo,  see  Passerina  evanea 


386 


THE  WILSON  BULLETIN  • Vol.  1 16,  No.  4,  December  2004 


Buteo  alhigula,  350 

jamaicensis,  109,  180,  257-261,  272-274,  354-356 

lagopiis,  259 

magnirostris,  102 

re  gabs,  259 

vent  red  is,  350 

Butorides  virescens,  288,  290 

c 

Cacicus  cela,  74,  77,  79 
chrysonotus,  77,  79 
chrysopterus,  77,  79 
koepckecie,  74-82 
sclateri,  74-82 
solitarius,  77 

Cacique,  Ecuadorian,  see  Cacicus  sclateri 
Golden-winged,  see  Cacicus  chrysopterus 
Selva,  see  Cacicus  koepekeae 
Solitary,  see  Cacicus  solitarius 
Yellow-rumped,  see  Cacicus  cela 
Cadena,  C.  D.,  see  Stiles,  E G.,  C.  I.  Bohorquez, 

, S.  de  la  Zerda,  M.  Hernandez,  L.  Ro- 

selli,  M.  Kelsey,  I.  D.  Valencia,  and  D.  Knapp 
Callipepla  californica,  328 
Canary,  see  Serinus  canaria 
Canis  domesticus,  42 
familiaris,  169,  259 
latrans,  259,  260 
Capsiempis  flaveola,  352-354 
capuchin,  brown,  see  Cehus  apella 
Cardinal,  Northern,  see  Cardinalis  cardinalis 
Cardinalis  cardinalis,  1—16,  71,  319 
Carduelis  barhata,  347-351 
flarnmea,  358 
psaltria,  246 
tristis,  6,  16,  71 

Carlisle,  Heather  A.,  see  Dean,  Kurt  L.,  , and 

David  L.  Swanson 

Carpodacus  mexicanus,  6,  16,  71,  72 
purpureus,  6,  11,  16,  358 

Carter,  Harry  R.,  see  Hamilton,  Christine  D., , 

and  Richard  T.  Golightly 

Castillo,  Alberto  L,  see  Buehler,  Deborah  M.,  , 

and  Jeffrey  D.  Brawn 

Castillo,  Fernando,  see  Giraldo,  Alan,  Carlos  Hernan- 
dez, Carolina  Gomez,  , and  Jorge  E. 

Saavedra 

cat,  domestic,  see  Felis  domesticus 
Catbird,  Gray,  see  Dumetella  carolinensis 
Cathartes  aura,  257-261 
Catharus  bicknelli,  3,  7,  10,  14 
fuscescens,  10,  14  (Frontispiece) 
guttatus,  10,  14,  71,  226,  227,  229,  358 
minimus,  3,  7,  10,  14 
ustulatus,  7,  10,  14,  297,  302 

Cavitt,  John  E,  see  Pearse,  Aaron  T, , and  Jack 

E Cully,  Jr. 

Cebus  apella,  102 
Certhia  americana,  7,  10,  14 
Chachalaca,  Speckled,  see  Ortalis  guttata 
Chacon-Madrigal,  Eduardo,  and  Gilbert  Barrantes, 


Blue-crowned  Motmot  {Momotus  momota)  pre- 
dation on  a long-tongued  bat  (Glossophaginae), 
108-1 10 

Chandler,  C.  Ray,  see  Somershoe,  Scott  G.,  and 

Charadrius  alexandrinus,  185 
semipalmatus,  1 84- 1 86 
vociferus,  319 
wilsonia,  104—105 

Chat,  Grey-throated,  see  Granatellus  sallaei 
Red-breasted,  see  Granatellus  venustus 
Rose-breasted,  see  Granatellus  pelzelni 
Yellow-breasted,  see  Icteria  virens 
Chen  canagica,  179 

Chickadee,  Black-capped,  see  Poecile  atricapillus 
Boreal,  see  Poecile  hudsonica 
Carolina,  see  Poecile  carolinensis 
Chestnut-backed,  see  Poecile  rufescens 
Mountain,  see  Poecile  gambeli 
Chionis  alba,  182 

Christie,  David,  see  del  Hoyo,  Josep,  Andrew  Elliot, 
and 

Ciccaba  nigrolineata,  109 
virgata,  109 

Cinclodes  patagonicus,  349 
Circus  cyaneus,  257-261 
Cistothorus  meridae,  1 86 
climate  change 

response  in  species  in  Middleborough,  Massachu- 
setts, 224-231 
Clupea  harengus,  179 
coati,  white-nosed,  see  Nasua  narica 
Coccyzus  americanus,  3 1 9 
Colaptes  auratus,  94-97 
pitius,  349 

Colinus  virginianus,  293,  324-329 
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response  to  climate  change  in  Middleborough,  Mas- 
sachusetts, 224-231 

Condor,  California,  see  Gymnogyps  californianus 

Conner,  Richard  N.,  see  Schaefer,  Richard  R.,  , 

D.  Craig  Rudolph,  and  Daniel  Saenz 
Contreras,  Alan  L.,  see  Marshall,  David  B.,  Matthew 

G.  Hunter,  and 
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virens,  10,  11,  14,  60,  61,  62,  319 
Conuropsis  carolinensis,  334 
Cormorant,  Great,  see  Phalacrocorax  carbo 
Imperial,  see  Phalacrocorax  atriceps 
Neotropic,  see  Phalacrocorax  brasilianus 
Corvus  brachyrhynchos,  232—239,  319 
caurinus,  180-181 
corax,  257-261 

Cowbird,  Brown-headed,  see  Molothrus  ater 
coyote,  see  Canis  latrans 
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Craigie,  G.  Eoin,  see  Timmermans,  Steven  T A., 
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Craigie,  G.  Eoin,  see  Zimmerling,  J.  Ryan,  , 
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Crossbill,  Red,  see  Loxia  curvirostra 
Scottish,  see  Loxia  scotica 
White-winged,  see  Loxia  leucoptera 
Crow,  American,  see  Corvus  brachyrhynchos 
Northwestern,  see  Corvus  caurinus 
Cruz,  Alexander,  see  Swanson,  Heather  M.,  Breanna 
Kinney,  and 

Cuckoo,  Yellow-billed,  see  Coccyzus  americanus 
Cully,  Jack  E,  Jr.,  see  Pearse,  Aaron  T,  John  E Cavitt, 

and 

Curaeus  curaeus,  349 
Cyanocitta  cristata,  10,  14,  71,  319,  358 
stelleri,  358 
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ume 8:  broadbills  to  tapaculos,  reviewed,  368- 
369 
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fuse  a,  5,  8,  10,  299 
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magnolia,  5,  15,  299,  358 
palmarum,  3,  5,  7,  10,  60,  61,  62 
petechia,  5,  15,  226,  227,  229 
pensylvanica,  5,  15,  299 
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striata,  5,  7,  8,  10,  61 
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Denight,  Michael  L.,  see  Smith,  Jennifer  E.,  Steven  J. 

Taylor,  Christopher  J.  Whelan,  . and 

Mike  M.  Stake 
Dicrurus  macrocercus,  342 
diet 


Branta  canadensis  feeding  on  alkali  flies,  179-180 
coprophagy  in  Loxia  leucoptera,  181-184 
grit-site  selection  by  Branta  bernicla  nigricans, 
304-313 

of  Synthliboramphus  hypoleucus,  152—157 
disease 

West  Nile  virus  in  Corvus  brachyrhynchos,  232—239 
distribution 

of  Cacicus  koepekeae  in  southeastern  Peru,  74-82 
Diucon,  Fire-eyed,  see  Xolmis  pyrope 
dog,  domestic,  see  Canis  domesticus  and  Canis  fami- 
liaris 

Doherty,  Paul  E,  Jr.,  review  by,  1 12 
Dolichonyx  oryzivorus,  211-223 
Donacobius  atricapillus,  337 

Donacobius,  Black-capped,  see  Donacobius  atricapil- 
lus 

Donegan,  Thomas,  review  by,  1 12-1 14 

Doster,  Jodi  E.,  see  Johnson,  Oscar  W.,  Corey  D.  Adler, 

Lee  Anne  Ayres,  Mary  Anne  Bishop, , 

Patricia  M.  Johnson,  Ronald  J.  Kienholz,  and 
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Dove,  Gray-fronted,  see  Leptotila  rufaxilla 
Mourning,  see  Zenaida  macroura 
driftfish,  bluefin,  see  Psenes  pellucidus 
Drongo,  Black,  see  Dicrurus  macrocercus 
Drummond,  Hugh,  see  Li,  Xinhai,  Dianmo  Li,  Zhijun 

Ma,  Tianqing  Zhai,  and 
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Duck,  American  Black,  see  Anas  rubripes 
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Dunn,  Erica  H.,  review  by,  189-190 
Dunn,  Jon  L.,  review  by  366-367 
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Eagle,  Bald,  see  Haliaeetus  leucocephalus 
Golden,  see  Aquila  chrysaetos 
White-tailed,  see  Haliaeetus  albicilla 
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eggs 
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Egret,  Cattle,  see  Bubulcus  ibis 
Great,  see  Ardea  alba 
Reddish,  see  Egretta  rufescens 
Snowy,  see  Egretta  thula 
Egretta  caerulea,  287-292  (Frontispiece) 
rufescens,  288,  290 
thula,  288,  290  (Frontispiece) 
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Elaenia  albiceps,  348.  349.  350 
flavogaster,  352 

Elaenia,  Whitc-crcstcd,  sec  Elaenia  albiceps 
Yellow-bellied,  see  Elaenia  flavogaster 
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Elliot.  Andrew,  see  ilcl  Hoyo.  Josep,  . and  Da- 
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do Alvarado,  J.  Manuel  Lobato,  and 

Eubalaena  glacialis,  182 

Ewert,  David  N.,  see  Smith,  Robert  J.,  Michael  J.  Ha- 
mas,   , and  Matthew  E.  Dallman 

extinction 

assessment  of  factors  for  non-passerine  birds,  330- 
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Peregrine,  see  Ealco  peregrinus 
Prairie,  see  Ealco  mexicaniis 
Feare,  Christopher  J.,  see  Collar,  Nigel  J.,  Clemency 

T Fisher,  and 

Eel  is  domesticiis,  42 
Eicedula  albicolis,  254 
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Finch,  House,  see  Carpodacus  mexicaniis 
Purple,  see  Carpodacus  purpureiis 

Fisher,  Clemency  T,  see  Collar,  Nigel  J., , and 

Christopher  J.  Feare 

Flatbill,  Eye-ringed,  see  Rhynchocycliis  brevirostris 
Flicker,  Northern,  see  Colaptes  aiiratiis 
Flycatcher,  Acadian,  see  Empidonax  virescens 
Alder,  see  Empidonax  alnorum 
Boat-billed,  see  Megarynchus  pitangiia 
Collared,  see  Eicedula  albicollis 
Gray-capped,  see  Myiozetetes  granadensis 
Great  Crested,  see  Myiarchus  crinitiis 
Least,  see  Empidonax  minimus 
Pied,  see  Eicedula  hypoleuca 
Social,  see  Myiozetetes  similis 
Sulphur-rumped,  see  Myiobiiis  siilplnireipygiiis 
Vermilion,  see  Pyrocephalus  riibinus 
Willow,  see  Empidonax  traillii 


Yellow-bellied,  see  Empidonax  fiaviventris 
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Eorpus  sclateri,  137 

fox,  gray,  see  Urocyon  cinereoargenteiis 
Fraterciila  cirrhata,  155 

Freeman,  Brush,  see  Lockwood,  Mark  W,  and 

Frey,  Robert  I.,  review  by,  111-112 
frog,  wood,  see  Rana  sylvatica 
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from  river  otter  feces,  181-184 
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Gammon,  David  E.,  Black-capped  Chickadee  dawn 
chorus  and  subsequent  sexual  activity,  252-256 

Gardali,  Thomas,  see  Michaud,  Jennifer  C.,  , 

Nadav  Nur,  and  Derek  J.  Girman 
Gatto,  Alejandro,  see  Quintana,  Flavio,  Pablo  Yorio, 

Nora  Lisnizer, , and  Gaspar  Soria 

Gavia  irnmer,  97-101 
stellata,  100 

Geothlypis  trichas,  5,  10,  11  (Frontispiece),  61,  71, 
318,  319,  320 

Geranospiza  caeriilescens,  109 

Gerhart,  Nathaniel  G.,  Rediscovery  of  the  Selva  Ca- 
cique (Cacicus  koepckeae)  in  southwestern 
Peru  with  notes  on  habitat,  voice,  and  nest,  74- 
82 
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Gill,  Sharon  A.,  First  record  of  cooperative  breeding 
in  a Thryothoriis  wren,  337—341 
Giraldo,  Alan,  Carlos  Hernandez,  Carolina  Gomez, 
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rius  wilsonia)  from  the  Pacific  coast  of  Colom- 
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Girman,  Derek  J.,  see  Michaud,  Jennifer  C.,  Thomas 

Gardali,  Nadav  Nur,  and 

Glossophaga  sp.,  108-110 
Gnatcatcher,  Blue-gray,  see  Polioptila  caeriilea 
Godwit,  Bar-tailed,  see  Limosa  lapponica 
Black-tailed,  see  Limosa  limosa 
Hudsonian,  see  Limosa  haemastica 
Marbled,  see  Limosa  fedoa 
Golden-Plover,  Pacific,  see  Pluvialis  fulva 
Goldeneye,  Common,  see  Biicephala  clangula 
Goldfinch,  American,  see  Cardiielis  tristis 
Lesser,  see  Cardiielis  psaltria 
Golightly,  Richard  T,  see  Hamilton,  Christine  D.,  Har- 
ry R.  Carter,  and 

Gomez,  Carolina,  see  Giraldo,  Alan,  Carlos  Hernan- 
dez,   , Fernando  Castillo,  and  Jorge  E. 

Saavedra 

Goose,  Cackling  Canada,  see  Branta  canadensis  min- 
ima 

Canada,  see  Branta  canadensis 
Emperor,  see  Chen  canagica 
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Greater  White-fronted,  see  Anser  albifrons 
Snow,  see  Chen  caerulescens 
Goshawk,  Northern,  see  Accipiter  gentilis 
Grackle,  Common,  see  Quiscalus  quiscula 
Grallaria  carrikeri,  107 
excelsa,  105-108 
giiatimalensis,  106,  107 
Granatellus  pelzelni,  89 
sallaei,  89,  92 
venustus,  89-93 

Grebe,  Eared,  see  Podiceps  nigricollis 
Red-necked,  see  Podiceps  grisegena 
Grosbeak,  Blue,  see  Passe rina  caerulea 
Rose-breasted,  see  Pheucticus  liidovicianus 
Guan,  Spix’s,  see  Penelope  jacqiiacu 
Gull,  California,  see  Larus  californicus 
gull,  see  Lams  spp. 

Gustafson,  Mary,  review  by,  193,  368-369 

Guthery,  Fred  S.,  see  Hiller,  Tim  L.,  and 

Gymnogyps  californianus,  331,  334 
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Haas,  Carola  A.,  see  Amidon,  Frederick  A.,  , 
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use  by  Corvus  hrachyrhynchos  in  relation  to  trans- 
mission of  West  Nile  virus,  232-229 
use  by  Granatellus  venustus,  89-93 
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group  singing  in  a Neotropical  wood-quail, 
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breeding  bird  response  to  two  harvest  practices 
in  a bottomland  hardwood  forest,  314—323 
Hawk,  Bicolored,  see  Accipiter  hicolor 
Chilean,  see  Accipiter  chilensis 
Crane,  see  Geranospiza  caerulescens 
Ferruginous,  see  Buteo  regal  is 
Red-tailed,  see  Buteo  janiaicensis 
Roadside,  see  Buteo  magnirostris 
Rufous-tailed,  see  Buteo  ventrcdis 
Sharp-shinned,  see  Accipiter  striatus 
White,  sec  Leucopternis  (dhicollis 
White-thn^atcd,  see  Buteo  cdhigida 
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Heron,  Great  Blue,  see  Ardea  herodias 
Green,  see  Butorides  virescens 
Little  Blue,  see  Egretta  caerulea 
Tricolored,  see  Egretta  tricolor 
herring.  Pacific,  see  Clupea  harengus 
Hiller,  Tim  L.,  and  Fred  S.  Guthery,  Correlates  of  fall- 
spring mass  dynamics  of  Northern  Bobwhites, 
324-329 

Hirundo  rustica,  226,  227 

Holthuijzen,  Anthonie  M.  A.,  and  Lenora  Oosterhuis, 
Aggressive  responses  of  nesting  Prairie  Falcons 
to  territorial  intruders,  257-261 
home  range 
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Honeyeater,  Micronesian,  see  Myzomela  rubratra 
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Houston,  Mary,  see  Houston,  Stuart,  Tim  Ball,  and 
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teenth-century naturalists  of  Hudson  Bay,  re- 
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Hunter,  Matthew  G.,  see  Marshall,  David  B., , 

and  Alan  L.  Contreras 
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I 
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Icteria  virens,  5,  7,  10,  319 
Icterus  gidbida,  6.  7.  16,  226,  227,  229 
spurius,  1-16.  61 
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Rushing,  Richartl  B.  Primack.  and  

Ingokl,  Danny  J.,  see  Bower.  Allen  R..  aiul  
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lay.  Blue,  see  Cvanocitta  eristata 
Gray,  see  Perisoreus  canadensis 
Mexican,  see  Aphelocoma  ultramarina 
Purplish,  sec  C'vanocora.x  cxanomelas 
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dro Gatto,  and  Caspar  Soria,  Diving  behavior 
and  foraging  areas  of  the  Neotropic  Cormorant 
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Warner 

Ralph,  C.  John,  see  Meyer,  Carolyn  B.,  Sherri  L. 
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White-crowned,  see  Zonotrichia  leiicophrys 
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Wren,  Bewick’s,  see  Thryomanes  bewickii 
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Carolina,  see  Thryothorus  ludovicianus 
House,  see  Troglodytes  aedon 
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